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philusoiilicc — Ihc 
trnlions of out prvi 



llast tiioii ever raised Ihy miiiil lo the coiisiilcratiuii of r, 
naS by ilsoK, as the iimte net ot existing i 

Hasl thou ever said to thyself Ihoughtftilly ir is I heedleaa, in that 
moment, whether it were b msB hcfoie thee, oc a flawEt, or a R''"''" "f 
eandi— ivithout rcfeiciico, in short, to this or that imrticukr motlo or 
form of oxiatencc f It thou hast, indeed, ntiiiine<l to this, thou »!lt have 
felt tho iireseiice of a mystery, vfhiuli must h«ve fiscd thy aplrlt in 
a«fl»ndvro«de.. CQI.EHIDaB. 
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V K E I'' A C K. 



A. Secoml I'Mitioii of tlii^ work Ijoin;; (Iciiiaiidiid ^vlShill a 
twoWeraontli of tlic public lit ion of the first, convinces the 
author that Iio iiaa not erred in bolicvlng \i possible to in- 
terest a numerous class of fcadere by a popular examina- 
tion of the deductions of pliiloaophy and the truths of induc- 
tive science ; — that he was not mistaken in holicving the 
generalizations from mechanical experiments to bo capable 
of assuming a poetic aspect. 

[Desirini; to present every discovery of 8cienco with cor- 
rectness, increased attention has been paid to the present 
edition ; and it has been cleared of some trifling inaccu- 
racieB-™- regretted by no one more than tho author — 
which had crept into the first. 
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To sovci'al fvlcnds of oninciieo in tlieir vcspoelivo 
branches of clieiniatiy, gcoloj;y, and natural history, the 
auilior has to express his wavjnesfc tUsnka. To them is 
duo tho emondation of aU llmt was obscure ; and tho aid 
they hiivc aftbrded in the revision of those passages ivliicli 
relate to thcif own familiar studies iiuist gh'C to tliia Edition 
an CMScntiul vahic. 

To keep pace with tho jn-ogress of science, each new 
discovery, connecting itself with tlic physical laws of natui-c, 
has hecn iueludcd;- -althougli not nnmerons, thoy are 
important. 

It is, therefore, hoped tiiafc tliC author's attempt to ven- 
dor the" ToiiTUY OF Sciknce" a correct text-book, at tho 
same time ho lias striven to diveat science of ils harder 
foaturea, will not have been unsuccessful. 

K. H. 

A'omnhei; t819. 
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KII5ST ]-;i)TTI()iN. 



A'S attciiiiil lias beci! made, in tliis volume, lo link 
together those seientifie iacts which hear directly ami 
visibly upon Naturnl Phenomena, anil to show that they 
havo a value superior to their mere economie itpplicationa, 
ju tlicir power of exalting the mind to the eontcmplafion 
of the Univcrae. 

In purauing this object, whore tho links of the inductive 
chain were imperfeet, a considcvation of the mertts of eon- 
fiicting theories has been hazarded; ami — probably as a 
consequenoo of imperfect knowledge — the views enter- 
tained by those whose seseiitifio acquirements no one 
esteems more highly than myself, havo, in a few instances, 
been departed from. 
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't'ho autliortty fov each statement is given at tho conek- 
sion of tlio YoJume ; and an experimental oxamiiiation haa 
boon made of all tho inatances acWnoed hi excmplilication 
of particular vicivs. 

For tho purpose of cxliihiling tho ;;rcat facts of Scicnco 
in their moat attractive aspects, tho iinaj^ination lias been 
occasionally t^ixcd, but it has novcv been uHowed to intei^ 
foroivith t!ic stern reality of Truth; and throughout tho 
folloiving pages it h hoped there mW bo discovered --liow- 
over illogical to somo, certain spceidations may appear — 
evidences of a constant endeavour to think honestly, and to 
give to every discovery its full value in tho generalisations 
altomptod. 

K. n. 

jYovomhcr. 1318. 
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The Trno is the Beautiful. W)icncver tliia becomes evi- 
dent to our senses, its inliiieiices are of a soul-elevating 
eliaracter. The beautiful, whether it is [lerceived in tho 
external forms of matter, associated iu (he harmonics of 
light and colour, appreciated in the modulations of sweet 
sound-s, or mingled with those iuiluences which are, as the 
inner life of creation, appcalinj; to the soul through .^lio 
vesture -wliicli covers ali things, is the natural theme of the 
poet, and the chosen study of the philosopher. 

.15ut, it will Ije asked, where is the relation between the 
stem labours of science and the olliercal system which con- 
Blitutcs poetry 1 The fumes of the laboratory, its alkalies 
and acids, the mecliatiical appliances of the observatory, 
its specula and il3 lenses, do not appear fitied for a place 
in the painted bowers of the Muses. 3\\t, tvom tlio labours 
of the chemist in hia cell, — fi-om the nmltitudinous obser- 
vations of the astronomer on his tower, — spring truths 
which the philosopher employs to interpret nature's myste- 
ries, and which give to the soul of the poet tlioso realities 
to which he aspii-es in hia high imaginings. 

SeJencG Bolicits from the mateml world, by the persua- 
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Hson of in«liictivo aonreh, a development of its olementavy 
principlca, and of tlie laws which these obey. I'liilosopliy 
Btvivea to a])ply the discovered facta to the great plie- 
liomena of being, — to deduce largo gcncralitiea iVoni the 
fragmentary discoveries of severe induction, — and thus to 
ascend from matter and its properties np to those inipnlsoa 
Vfliicb Blir tho whole, floating, as it were, on the confines 
of Mcnse, and indicating, though dimly, those supevior 
powers which, mure nearly related to infinity, mysteriously 
manii'cflt themselves in tho plienomcna of niimt. Poetry 
sciaes tUo facta of the one and the theories of the otlier ; 
unites them by a pleasing thought, ivliicli appeals for 
truth to the most unthinkinj; soul, and leads the rellcc- 
tive inteiicct to higher and higher exercises; it connecfa' 
common phenonema \sith exalted iden'i; and, applying ifa 
holiest powers, it invests tlie huniiMi mind with tho sove- 
reign strength of the True. 

Truth is tho soul of the poet's thought j— truth is tho 
reward of tho pliiiosopher's toil ; and their ivories, bearing 
this oJlicial stamp, Hvc among men thi-ough all lime. Sci- 
ence at present rejoices in her ministry to tho requirementa 
of advancing civilization, and is content to receive tlio 
reward given to applications which increase the comforts of 
life. Of add to its luxuries. Every impi-ovomcnt in tlio 
arts or manufactures has a tendency to elevate tlie raeo 
who are benefited tlioroby. But because science \a useful 
in the working days of our week, it is not to be neglected 
on OMV Sabbath, — when, resting from our labours, it Ije- 
eonies agreeable to contemplate the few truths permitted 
to our knowledge, and thus enter into qommunion, as close- 
ly m is allowed to fmito beings, with those influences which 

ivCooc^lc 
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invoke and intevpoiiotrate the cartli, givmf; to'all things 
Life, Beauty, ami Divinity. 

'I'he Imiiian tnind natuially <lclighb iti the discovery of 
truth ; and even when perverted by the constant operatic is 
of prevailing cri'ora, a ghm pse of tlio Ileal comes upon it like 
the smile of daylight to the aoi rowing captive of some dark 
prison. The Psyohean labonrs to try man's sonl, and exalt 
it, are the seareh for truth beneath the mysteries which 
suri'onnd creation, — to gather amaranths, shining with the 
hxics of heaven, from plains upon ivhich hang, dark and 
heavy, the misls of eartli. Tho jioet may pay the debt of 
nature, — the philosopher may return to the bosom of our 
common motlier, ■ — even their names fade in the passage 
of time, hkc jilanctg blotted out of heaven;— -but tho 
tnitlis they lia\c revealed to man burn on for ever with 
uiioxtinguishable brightness. Trutli cannot die j it passes 
from mind to mind, imparting light in its progress, auii 
constantly renewing its own brightness (luring its diffusion. 
The 'I'rite is the Beautiful ; and tho truths revealed to the 
mind vender us capable of perceiving new beauties on tho 
earth. The gladness of truth is like the ringing voice of a 
joyous child, and tho most remote recesses echo with the 
cheerful sound. To be forever true is the Science of 
Poetry, — tho i-evelation of truth is the I'oetry of Bcienco. 

Man, a creation ondued with mighty faculties, but a mys- 
tery to himself, atauda in tlio midst of a wonderful world, 
and an infinite variety of phenomena arise around bim, in 
strange form and magical disposition, like tho phantasm* 
of a rosJess night. 

The solid rack obeys a power which brin^ its congeries 
of atoms into a tiionsand shapes, each one geometi-ieally 
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jicrfofst. 'ita vegetal>le covering, in obedience to Komc 
external excitation, developea itself in a curious diversity 
of forms, from the exquisitely graceful to tlie sJiigiilarly 
grotesque, and esliibits pi-ojierUes still more varied and 
opposed. The asninnl organism (juickciied by lilglier 
impiilsea, — powers worlting within, and modifying the 
inllucnco of the external forces, — presents, from tlio Mo- 
nad to the Mammoth, and thi-ough every phase of being 
«p to Man, a yet more wonderful series of combinations, 
and features still more strangely contrasted. 

Jiiffing our searching ga«e into the measureless space 
I)eyond our earth, wc fnid planet ho\ind to planet, and sys- 
tem chained to system, all impelled by a nnivcraal force to 
i-oU in regularity and order avoimd a common centre. The 
pendulations of the remotest atnr are comimniicatcd 
through the unseen bond ; and onr rocVing world obeys 
the mysterious impulse throughout alt those forces wliieh 
regulate the inorganic combinations of this earth, and inito 
wliich its organic creation is irresistibly compelled to bow, 

!rhc glorious sun by day, and the moon and stars in the 
silence and the mystery of niglit, are felt to inlSuenco all 
material nature, holding the great Earth bound i,n a many- 
stranded cord which cannot bo broken. 'I'lic tidal flow of 
the vast ocean, with its variety of aiiimnl and vegetable 
life, — tlio atmosphere, bright with liglit, obscured by the 
Htorm-elottd, spanned by the rainbow, or rent witti the 
eKplosions of electric f»re, — attest to the might of these 
elementary bonds, 

These are but a few of tbe great plienomena which play 
their part around this globe of ours, exciting men to won- 
der, or shaking them with terror, 



h, Google 



iii 



'J'lio liiiuil of tiiiiii, ill lis i>mgi'cs3 towftvduits higher lies- 
tiny, n tucked witli tlio ijhpiua! fat-Ui as a problem, which, 
within the litnita of a life, it muafc atnigglo to solve. 'I'ho 
iiitellectiial spirit is capabio of embracing all fniito things. 
Man is gifted with powei-s for studying the oiitiro circle of 
visible creation ; and he is equal, under proper training, 
to the task of examining much of the secret machinery 
which stira tlie wliolo. 

In dim outshadowitig, cartli's lirst poets, from tlio h>ve- 
lincss of external natni'c, evoked licautiful spiritHali'/.ationa. 
To them, tlie sliady forests teemed witli aiirial hcinga, — 
the gusliing springs rejoiced in fantastic sprites, — the 
leaping cataract* gleamed with translucent shades, — tlio 
cavernous hills were the abodes of genii, — and the earth- 
girdling ocean was gnai-dcd by mysteriona forms. Snch 
were the creations of the far-soavohing mind in its early 
conscioMsnKSs of tho existence of unseen powers, Tho 
philosopher picked out his way through the dark and laby- 
rinthine path, between cftccts and causes, and slowly 
approaching towards the light, ho gathered semblances of 
the great lleality, liko a mirage, boautifnl and truthful, 
allhowgh still but a cloud-rcfleotion of tho vast Unseen. 

It is thus that the liuman mind advances from tho Ideal 
to tho Real, and that the poet becomes tho philosopher, 
and tlie philosopher rises into the poet ; but at the samo 
time as wo progre^ from fable to fact, much of the soul- 
sentiment which made tho mmantie holy, and gave a noble 
tone to every aspiration, is too frequently merged in a 
cheerleaa philosophy which clings to tho earth, and reducea 
the mind to a mechanical condition, delighting in tho aecu- 
mnlation of facts, regardless of tho groat laws by which 
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these are rogiilatcil, niul tho bavmony of all Teliimc com- 
binatlona seeurc-a. In science, wo Jiiiil Uie elemenis of tlie 
most exaltctl poetry ; mid m tito mysteriouB working of 
the phyaicaf forces, we tUscover connections with the iHiin- 
itahle worid of thought, — in which mighty minds tlehght 
to try their powers, — as strangely complicated, and as 
inarvetlonsly onlcred, as in the jsychological plienomena 
which havo, ahuost exchisively, ijccii the objects of theii- 
studies. 

Jn the aspect of visible nature, with its wonderful diver- 
sity of form and its charm of colour, ive fuid the .Heautlful ; 
and in the operations of these pvineiplcs, which are ever 
active in producing and maintainhi^ the existing conditions 
of matter, we discover tlic Sublime. 

'I'hc form and colour of a flower may oxcito our admira- 
tion ; but when wo come to examine all the phenomena 
which combine to produce that piece of symmetry nnd 
that lovely Imo, — to learn the phyaiologieid arrangement 
of its structural parts, — the chemical actions by which its 
woody fibre and its juices are produced, — and to inveati- 
gate those laws by which 13 regulated tlio power to throw 
back tiie whito sunbeam from it'i surface in coloured rays, 
■ — our admiration passes to the liigUcr feeling of deep 
astouishniont at the perfection of the processes, and of 
rcvei-ence for their great Designer. There arc, indeed, 
" tongues in trees ; " bul science alone can interpret their 
mysterious whispera, and in this consists its poetry. 

'I'o rest content with the bare enunciation of a tnith, is 
to perform Ijut one half of a task. As each atom of 
matter 13 involved in an atnsosphero of propcrti^ and 
powoi^, which unites it to every iii^s of the univenre, so 
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endi truth, liowcvcr common it may lie, m Hiirrouiided l>y 
itnpulscB wiiicli, being a\nikt!iici:t, j^.tf^s t'itmt soul to wmI 
like musical wndHlations, aii<! which will be refscated 
through the ochoca of space, and pioloiiged for al! ct«ritity. 

I'he poetry which springs fi'Oin the contemplation of iho 
agencies ivliich are actively employed in producing ttio 
traiisfornialiona of matter, and which m founded upon the 
truths developed by the aids of science, should ho in no 
respect iiiferior to that which liaa been inspired by tlio 
beauty of the individual forma of matter, and the pleasing 
charaetcr of their combinations. 

'i'bo imaginativo view of man and his wmM ■ Ihc crea- 
tions of the romantic mind — have been, and ever will be, 
dwelt on ivith a soul-absorbing pasaion. The mystery of ouv 
being, and the mystery of our ceasing to be, acting upon 
iiileliigcnces which are for ever striving to eumprebend 
the enign)a of themselves, loads by a natuifil pi-oecss to a 
love for the Ideal, 'i'he discovery of tlioso truths which 
advance the human mind towards that point of knowledge 
to which all its secret longings t«nd, should excite a higher 
feeling than any uicrc creation of the fancy, how heuutifnl 
soever it may be. The phenomena of Iteality aro more 
Btartling than the phantoms of the fdeal. Truth is stranger 
than fiction. Surely many of tlso discoveries of seicneo 
^vhieh relate to the combinations of matler, and exbibili 
results which ivo could not by any previous efforts of rea- 
soning dai-o to reckon on, rcBuHs which show the admirable 
balance of the forces of nature, and the might of ihcir 
uncontrolled power, exhibit to o«r senses suhjecis for con- 
templation truly poetic in tiieir character. 

Wo tremble wbon the thundor-oloud bucste in ftiry abovo 
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our licaib. '\'ho |,opt sciiics on flio terrors of Hio siorra 
to add to the interest of iiia voi-se. k'&nny [laiiifs a storim- 
l^ing, and tJio genius of lomaMco clothes his dcmom in 
ligiitniiij^s, and thoy arc Iieralded by thuiidei^. I'heso 
wild imaginings liave Ijeen the deliglit of mankind ; tlicro 
is subject for wonder in tlicm : Imt is there anytliing loss 
wonderful in tho wel!-aiit!icnticatcd fact, tliat the dewdrop 
whicli gliatens on tho flower, tliat tlic tear wlncli ti'Oinblo^ 
on tlie eyelid, Jiotds locked in ita transparent cells an 
amount of electrio fire equal to that which is discharged 
during a storm from a thunder-cloud ? 

In ihcso studies of the cUccts which arc continually 
presenting tlicmselves to the observing eye, and of the 
phenomena of causes, as far as tlicy are revealed by 
Scioiico ill ita Gearch of the physical earth, it will be shown 
tliat beneath the beautiful vesture of the oxtcmal world 
thoro cxista, like its t|uickcning soul, a pervading power, 
assuming the moat varied aspects, giving to the whole ita 
life and loveliness, and linking every portion of this ma- 
terial mass in a common bond with some great aiiiversal 
principle beyond our knowledge. Whether by tho im- 
provement of tho powoiTi of the human mind, man will over 
be enabled to embrace within IiIn knowledge the laws wliich 
regulate these remote principlea, wo are not suflieiently 
advanced in intoUij^enco to determine. But if admitted 
ciCH lo a clear peiception of tho theoretical Power which 
«o regard as rogulatmg the known forces, wo must still 
see an wnknoivn agency boyond uSj which can only he 
icteircd lo the Cicatoi'b will. 
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.PO:KTliY Oi' SCIENCE. 



GENKltAT, CONDITIONS OF JtATTER, 

lis Tfltied Chametcrs, and constant change of external Form — Tho Grain 
of Dust its I'lopcrliei and roweiB— -llcsuUiiiK Combinations in 
inortfanio Masses »n I In organiipd Creations— -Our knoivlcilno of 
JUattOr— ihcor) of Ullnnito Atoms— Tho J'hjsicHi Forces BOtInK 
on tho Cjmpnsilun ot Mnsses— -Tko ceilaiitty of tlic exMciso of 
suU lo iiini-nilua ttl ich iio beyond th« reacli of expEtinieiilal 

ttn I'lijhu-il Faith jire^oiits to m, in evcrj form of orgnnic and 
inOTgauio matter, an iiilimto vnviety of plicnomctia. If wo a>lccl 
Bpecnncii'i of rock" oither crystallino or stratified, — of iiictak in 
any of tlioir voisous com la nations witli ojtyp.en, btiliihur, and 
oUivr bodica — of gems gliRtoning witli light and glowing 
with colour — or if we oiamino tho vaiiod funiis and biioa 
of tin \cj,eliblo woild, and tho more niysfcrions aiiinial crea- 
twn«, no niHBt ineiitably come to a conclusion long mwo pro- 
claimed, and adnui that dufct tlioy are, and that to dust niubt ihuy 
return >S'hit«vcr psniinnancy may l>e given to nmtter, it is 
certain that its form is ever in a state of ebango. 'I'lio surface 
of tlio " 1 tersal ITilh " if worn away by the soft rains which 
full lo fcitih/e, and lioni tlicir ivrecks, borne by the waters to 
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tlio masm, new continonts avo forming, 'f'lto mutations of tUo 
old oiirtls limy bo lend upon lior Kicks and motmtaiMS, and them 
records of former changes teH us the iiifullible truths that as tiro 
prcEOiit paf^ss into tlio future, ko will the form of nature iinclei^ 
an iiuiKirtanE alteralton. The wuno forces wiiicli lifted the 
Andes and tlio IlimHlayas are still at work, and from tho parti- 
cles of matter carried from the present lauds by tho rivere info 
the Bcn, where tlioy subside in Btratilicd masses, tlioro vrill, in 
tho great future, bo raised now worlds, ujjon whieli tho work of 
life may go forward, and over whieli will bo spread a vast 
Xiitolligcnco, 

If we regard iho conditions of tho beautiful and varied 
organic covering of tho Kartli, tho eortainty, the coiistanoy, of 
change is over before ns. VegcUblo lifo passeH into tlio animal 
form, anil both porisli to feed the fnlnro plant. Man, moving 
to-day the nionarcli of a mighty people, in a few years pnKSoa 
back to his primitivo clod, and tliat eombinalion of elonionfary 
(itoiiis, which li dignifiod with tlio ciielo of fcoveroignty and llio 
robo of purple, after a period may bo sought for in tho herbago 
of tho fluids, and in the liumbJe ftowers of tlio valloy. 

"\Vo have, then, this eertain tnith, -— nil things visible around 
\I3 are aggregations of atoms. From panicles of duat, which 
andoi' tho microseopo eouid Boarcoly be distinguished one from 
tho other, ara all tho varied forms of nature oroated. This grain 
of dust, this particle of sand, has t=f range proj)ertie8 and powers. 
Science has discovered sonio, but still moro frnlhs are hidden 
within this irregular moleeula of mattee which wo now Miirvey, 
than even philosophy daroa draatn of. How slran^ly it oboya 
the impuUea of boat — mysterious are tho Influences of light 
apoR it~elae(riolty wonderfully oxcites it — and still more 
curious is tho manner in whieh it obeys the magie of choniieal 
force. I'hoso aro phenomena whieh wo liavo teen ; wo know 
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tlieni mid wo can i inoUicf tlum it mii pltT^uie '\\ i I 
ulviiHul I Iittk wvy into till ecieU of n tiitt iiisi fi i iln 
s|fflt tto hate gaiiicil wo look forward with a \!'-!on "fmeftljiit 
brightened bj om fisk but «e difcover so much to bu jot 
iiukdOHii ihatweleirii another tiiifh — oiii last laiioiam-o of 
many things itlitmg to tins giain of dust 

Ttgathm around it other piitiUis, Ihoy cling togetboi and 
cioh acliii^ upon oTcry ofhci oiio and all ot thoiii aicarifjing 
themwUcB arouud the little centre aecoidiiig to boine law a 
hciHtifiil oiyatal resulti tSio gcomclrio perfection of itt fjim 
being a hOureo of i liniration 

It oxcitH some other powers and aloin coheiin^ to atom 
obeying the influences of miiiy oxteinal radiint lirers iiiidei 
goes iiiL^plitiblc thangcB and the same dust which ne find 
fori im{, the diamond "iggrojjales into the lordly lice - blends 
to produce Iho giaceful Bconlcd and iiuhly piintcd iloner — 
an 1 eoinhinoi (o yield the luxury of fruit 

It nuieKms with yet undP3co\crod ontrgiti, it nnveiMith 
hfo dust am) \ital forco conibino blool in I Iwiie none and 
imisile result from the combination 1 oiccs which wo cannot 
by the ntnio'it icfinemcnta of onr philosophy dotoU diuct tlio 
^holo, ind fioni tho same dust wbtdi formed the rook and {.row 
in the tree, is produced a livbtg and n Iwoatlnng Uiing, capable 
of receiving a Divino illumination, of hearing in its now sluto 
the gladness and tho glory of n Soul. 

These eon sideral ions lead us' to rcfleet on tho amount of our 
knowledge. Wo arc led to ask ourselves, what do we know? 
Wo know that tho world with all its variety is ooniposed of 
certain material at<)nis, which, although presented to na in it 
groat variety of forms, do not in all probability differ very essen- 
tially frmn each otUtir. 

^Vo kiuiw that those atoms ohoy certnin coiiditlon^i whieh !\\>\m»v 
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28 ACTION 01' piLi'stcAL FOiicca on sisxi'kii. 

in Ijo dependent upon (lio influences of iiiPfion, gravifatioii, licat, 
liglit, cicolridty, irntl ohomieal foFCO. I'heso powers aro only 
known to bs by thoir effoota ; wo only deteot Ihcir ftctioii by 
thoir ojrerations upon raattor ; and altliough wo rogaid tlio tovoral 
pliciiomoim wtiieb wo Imvo cliscftvcreil, ai tlio ntanifcsttiiioiis of 
(lUlbrent principlea, it is possiljle llioy may bo but nioiliHcations 
of Bonio one univoraal power, of wliioli tlioso aro but it f«w of lis 
modes of action, 

III CKainiiiing, tburcforo, tbo trutlii wbicli i-oioiico bas rovcalcd 
to us, it is aclvnnla^coUB, fur Iho purpose of fixing tbo iiiind to 
the subject, that ire a'wuniu eoitain conditions as undoninUy 
truo. Thcso may bo Rtatod in n fbw Kontoncos, and without 
wasting a tbougbt upon tboso metn[i)iyHical subtlolii'S which liavo 
from time to tiino porploxod seienco, and soivod to impede tlio 
progress of truth, wo proceed, then, lo oxaiiiine our knowledge 
of tbo phenomena winch oonslautly occur around na. 

Kvory form, whether inorganio or organic, whioli wo ean dis- 
cover within the limits of human s.carctt, is ootnpo^d of liard 
impenolrablo atoms, which aro capable of attuning, under fho 
influence of certain physical forces, condition)! essential to tlio 
composition of that body of which it forms a pavt.(') The known 
forces, active in producing tlieso conditions, aro modes of motion ; 
gravitation and aggregation, heat, light; and associated with 
tlieso, actinism or chemical radiation ; olcetricity, under nil ibi 
conditions, wliethor static or dynamic j and ohemical alltinity, 
regar<lod as tbo resnlt of a separate olemonlary principle. 

llieso forces must ho considered as powers capable of acting 
in perfect iridcpoudenco of each ntbor. Thoy aro possibly 
mwliReationa of one principle ; but this view being an bypothtms, 
whieli, as yet, is only Biip|>orfed by loose analogies, cannot, with- 
out dan^r, bo received in any oxplaTialion which attompis (o 
deal only with the truths of sjionco. 
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In adilitioH to tlio known phjsical forces, wo cannot examino 
tlio vnricd [ilionoracna of nature, Hitliout feeling (hat tliero must 
ho otl)cr Olid iiiMi active prineiplcs of a Inglicr order tJtaii any 
deteeted by aoience, to isUieh belong the important oponitions of 
vitiility, wlicther manifesteil in tho plant or flio nniiiial. Tn 
Irealinn of IIiceo, nltliough spoculatioii cnnnot bo entirely nvoidod, 
it wilt lie ctnjiioycd only eo for m it gives any aasialnuco in link* 
ing pliciioincna together. 

Wo liavo to deal with Iho activo agencies ivhicli givo form and 
fonttiro to nature -— wliicli rognlnto the Iiarniony and beauty and 
vigor of Hfo — and ujion ivhicli depend tlioso grand cliangos in 
tho conditions of matter, which ntust eonviiico us that dcatli is 
but tlio coininoncoment of a now slato of Hcing. 
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CITAPTRR TT. 

MOTION. 

Are llio I'liy&ical t'oiccs moiles of Motion ) — MolLon defiiioil — Pliilosoph- 
ical v!eivs of Motion, and thoPriiidplcB loivhicit il his bcon refcricd -— 
iWotiuiiB of thoUaiih and of tlip Solnr Sj-steni — InfliiBnccof the iiropEr 
Motii>u8 oflhc Eaith on the Coniiillons of Matter — Tlieoiy of Iho 
Conversion of Motion into i[eat, &c. — Tlie Physical t'otees icgatded 
an imneigiUs mdi{ endonl of Motion illhui gli llio Caii,e toA often 
niiparontl) tho Lflects oC it 

Makv of tlio most ciiuDoiit tliinkcn> of tlio ] icsi.ut lime 110 dis- 
posed to lognid all tho activo piinpiplcB of iiUux. m tiiodcH of 
motion," — to look upon h^lit lieaf, okelricil^ and esen \ital 
forco, as phenomena resulting fiom olnii{,oof plico ainongtho 
pnrtli;!^ ot matter , tins change dislnibmco, or motion, Ijcing 
dopondeiit upon some undefined movci (^) 

'I'lio hiliit of lea\iiig purely tmlucttvo cximimtion for II10 
delusive rininH of IsjpotiiCMB — of \icwinf, tlio miilcud world aa 
n molaphjhicftlliundloof ossi-ntialpiopoilics, and notlungmoro — 
lias led some of our most eminent pliilosopliors to slrugglo tvith 
tho task of proving, that all the wondorful mniiifcslalioiia of Iho 
great physical powora of the imivcrai ave nicro niodificalioiis of 
niotion-C) 

'I'ho viewB of nielaphysieians regarding motion involve many 
BubtJo considerations «hieh need not at present dotatn us. Wo 
can only conBlder motion as a change of plaeo, which matter can- 
not effect of itself, no change of place being possible witlimit a 
mover ; and, conscfjucntly, motion cannot bo a propmii/ of matter 
in tlio strict kohso in which iltat lerni should ho accepted. (*) 
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JMotion depends h|)ou cerfiiin distuvliing and difccting foiijea 
noting U|!on all maUcr ; and, eoiisequontly, as every mode of 
aotion is dclcvuiined by fiomo excitomont csleriial to tbo liody 
inotcd, motion esnnoi, pluicsopbioolly, bo ugaidocl otlierwiso llian 
nsaiiocHliii ^(Feelion of malter umlu dacrniinablo eoiidltioM. 
" W^ find," siyfl hiv T<mac Ncwtoii, " but ItUlc motion in tho 
woild, otcopt Mliat plainly Hows fiom citli(,i llio active priiici- 
jilcs of naturo, or fiora tSio command of (lie nillev."('') 

I'lalo, AriMtolle, and tbo Pytbagoreaiis siijiiKisod tlial. tliroiigli- 
out nil naluvo nn nclivo priiieiplo wna diilused, iijion wliidi 
depended al! tbo pioperlics cxbiblted by matter. This is tbo etmio 
na llio " pluKtic naliitc" of Cudworlli,(") tbo " inlclleotunl and 
artificial fire " of liisbop licrkelcy ;(') and to tbcso all modes of 
motion were rcfeicod. Sir Isaac Nowlon also regards tlio mate- 
rial universe and itti pbciioincna as dependent npon " active pnn- 
eipies — for inslonco, tlie eanso of gravity — wberoby tbo planets 
and eomola preserve tbcir motions in tlieir orbiEs, and all Imdios 
acquire a degree of motion in falling ; and tbo cause of fomenta- 
tion — \Ybercby tbo beart and blood of animals preserve a Jiorpet- 
ual warmth and n\otion -— Ibe iimcr parts of tbo oarlli are kept 
constantly warmed — many bodies burn andsbino — an<[ tbeaun 
btmsolf burns and ebines, and witb bis light warms and ebaora 
nil things." 

Tiio oartb turns on its axis at (be rate of moio than 1,000 
miles an hour, and pSKaes around (ho Snn wtf!i (bo speed of up- 
wards of 68,000 miles in ibo same timo-C) 'I'ho earth and tlio 
other jdanete of our sjatcni move in curves around a common 
centre ; tbcrcfore tlieir motion nannot have been originally eom- 
niunieated merely by the impi-osied force of projection. Two 
forces, at least, must Iiave operated, one making tbo planets tend 
directly to tbo een!re, and llw other impelling them to fly off at 
a tangent to the curve descfibcd. Hero we liave n system of 
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Bpliores, held ly sonic jiosvov io a great central iiia^i, around 
which they rcvolvo uilli a fearful velocity. Nov m tins all; tlio 
Solar System iiscJf, bound by tlio gamo niystio cliaiii to m uh- 
discovctcd eentro, moves towards a point in space at llio rate of 
33,5fsO,000 geograpbioal miiea, wliilst our caith prforras one 
revolnlioii around the Ruii-t') 

In addition to tlioso great rotalioiiK, tlio carili is subjeoled to 
otlicr motions, as tlio precession of tbc equinoxes and tlio nuta- 
tion of its axis. Eoelting regularly upon a point round ivhieh it 
rnjiidly revolves, wliilst it progresses onward in ils orbtl, liko 
Bonie Imgc top in trenmlous gyration u|ion tliu declj of a vast 
aisiial sliip gliding rapidly lliroiigli (^paee, is tlie earth performing 
ils part ill llie groat law of niolion. 

Tlio rapidity of liicse impulses, supposing llio powers of llio 
pliyaionl forces ivci-o for a niompnt BusiH;ndctt, would bo fiiiflicicnt 
Io fcatler tlie mass of our planet over space as a niero star-dust. 

Limiting, as much as possible, the view wliioli opens npon tlio 
mind as wo contemplate the adjufitnienta by wliicb titis great 
maeliiiie. our system, is picsorved in all its order and byauty, let 
us forget tlio great movement of llie whole througli space, and 
eiidcnvnnr to consider the eAcet of those motions which are dircirfly 
rclalwUotliG carlh, as a member of one small group of worlds. 

Wo cannot for a moment doubt, allliou^h wo havo not any 
experimental proof of the fact, that tho proper motions of tho 
oorth mateilaily infiuoneo Iho condifions of (ho niatler of wbieh 
it is formed. Every pair of atoms aro, like a balance, delicately 
8«ppoiidcd, under tho constant slrngglo which arises from the 
tendency to fly asunder, inducoil by one order of forces, and Ilia 
efforts of others ioolismtliem together. Tho spring islironn-ht 
to the highest state of tension— Kino (remor moro, anil it would 
be doslroyed. 

Wo ennnot, by any eonipnriiioit with (lia labors of the most 
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Kliiifiil liumaii iivli^nii, convoy an idon of fho cyijuisite perfiiafinii 
of plfiiietary mecliaiiies, even so far as tliey liave Iwon disiwvwred 
by tho lat)ora of Eoienee ; and wo must admit that our inaight into 
tho vnst raaohincpy has been very Hntitod. 

All wo know, 19 tbo fact tltat this pkiiot movoK in a cortaiit 
oriler, unci nt a fixed rate, and that the speed is of ilsolf Ruffiiiioiit 
to rond tho hardest rooks ; yet the dolieato down which vests so 
liglitly upon tlio flower 13 undisturbed. It is, therefore, evident 
that mailer in all its forms is endued with pewora, hy which mass 
is bound lo mass, and atom (o atom ; these powers ato not tho 
rcsiiH-s of any of tlie motions which wo liavo oxaniinod, but, act- 
ing in antagonism lo iticni, tlicy sustain our gloljo in its present 
form. 

Arc tliero otlior inolions to which these powers can bo referred ? 
AVc know of none. 'I'hat absoUito rest may not exist among tho 
particJc» of matter is probable. Electrical action, chemical power, 
crystalline aggregation, tho oxpansivo force of boat, and many 
ollior known agencies are in constant operation to prevent it. It 
must, liowevor, bo romcmhered, that eaeli mid ovory atom eonsli- 
Iwting a mass may bo so suspended between tho balanced forces, ■ 
that it may bo rogavdcd as rolativoly at rest. 

Theory imagines iMotion as producing Force — a body is moycfl, 
and its mere meclianical ohange of placo is regarded as genera- 
ting heat ; and honeo tho rofinemonts of modern soicnce havo 
Bdvanced to llio conclusion that motion and heat aro convorti- 
blo. Admitling that the niaiovial atoms of which this world is 
formed are never in a state of quiesoanco, yot wo cannot sup|ioia> 
any ^ss ponderable particlo aa capable of moving itself; but 
oneo sot in motion, it may beeomo tho secondary cause of motion 
in other parltales-C*) "Bie diffloulfies of flie ease would appear 
to haTO been as follows ; Aro heat, light, elcotriraty, &o. mate- 
rial btwluiB? If theyare material bod!C3 — andheat,fijj example. 
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is tlio caiiso of iHolion — must not Uie calovlGa maUor move ifiiolf — 
or if it bo not self-moving, liy \vl)a{ is it moved ? If liont is iniito- 
rial, and the prininry cause of motion, than mnller mmi liavc an 
innate [Mwer of moving ; it can eonvcrt itself into aoftvo force, 
or bo at once a cause and an etTcet, wliieh can pcavtely tio regufd- 
c<l as a logical deduction. 

Wo move a [larticio of maUor, and licat is nianifcsled ; Ibo 
force Ijoing continued, Jiglit, electricity, and ebcmiejd action 
rosidt; all, as appears from a llniited view of tlio plionomena, 
arising out of the mechanical force applied to tlie [larticla first 
moved. (") 'I'liis meclianieal force, it must bo roinomborcd, is 
oxtornal to the body moved, and is, in all probability, Fct tip by 
tlie movomentof a muscle, acted up<in by novs'OB, under the iiillu- 
onco of a will. 

'i'ho series of plicnomena ire have supposed to aviso, admit of 
nil explanation free of the hypothesis of motion, and wo avoid tho 
daiigoroua, ground of nietaphynieal speculation, and tlio subtleties 
of that logio whieli rests upon tho immateriality of croatioii. 
This explanation, it is freely adiiiilled, is incomplete : wo eaiiiiot 
distinctly eorrollato each feature of tho phonomona, combine link 
to link, and thus form a perfect chain ; but it is Bu(li<!ieiitly clear 
to exhibit what wo do know, and leave tho unknown free for 
unbia)!aod investigation. 

Each particle, each atom of that winch conveys to oiir senses 
the only ideas wo have of natural ohjoela ~ ponderablo matter — 
is involved in, or intorpenotmtcd by, those piindplea which vro 
enll heat or oleetrioity, and probably many others which are un- 
known to »s; and altliough these principles or powci^ aro, 
according to somo law, bound in staUoal equilibrium ta inert 
inattoi", they are freely developed by an oxtornal oxeifeitiont, and 
tho disturbauce of any oyio of thcin, npKctling ilie ennilibviuin. 
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lc4Mifli(! .itlicv powoiJi efjually fico to lio Iji'rttjjht uiuU'i tliu 
cogiiLHiuco of IiuiHfm eenao. 

When wo come fo on examiiialioii of the influoaeev oxerk'tl liy 
theso powers ujioii the pliysieal eaitb, the posiCioii, tlmt (hiiy ihubI 
bo rogardod as the oausoi, of iiiolion rnthor thnii tlio otfecls of 
it, will bo further con&idoroil. At pvcsont, it is only uccosonry 
lo Blalo thiia generally the views wo entertain of the conditions 
of matter in connection with tlio imponderable forces iind ino- 
chanicnl powers. The conversion, as it hns been called, of 
motion into heal, in tbo oxporinionts of (Jount Itunifoid and 
Mr, Joule, ('^) nro only evidences tliat a certain \inifovniily cxist.H 
between the nicclianioal foi-cc applied, and the amount of heat 
liberated. It does not appear that wo have any proof of the 
convolution of niotion into physical power. 

It is noccKsary, to anything like n siktiafnetory contemplation 
of the wonderful properties of inattor, aiul of tlio forces regulat- 
ing the forind, of the entire creation, that wo slioulil be eontoiit 
with regarding the eloraontary bodien which ohoraistry instructs 
us form our glolw, as tangible, ponderable atoms, having fipeuifio 
and distinguishing jwoportics. !Fhat we should, as far as it is pos- 
fiililo for finite minds to do so, endeavour to eonceivo the powers or 
forcoB— gravitation, molecular attraction, elcotrioity, heat, light, 
and tlio prinoiplo which determines all cboinical phenomena — as 
uianifostations of agencies which hold a place between tbo moi* 
Eubtllo form of niatter and the spiritual atato, which reveals itself 
dimly in psychological phenomena, and arrives at its aubtiniity in 
the Ood of the universe. 
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Ihnt 3)oivcv by wincti it is retained m lis iii'cseiit form of b qilic- 
roiil (lalleticil nt tlio |)ole8, but still siibjcet to llio iiifluoneos of 
its iliui'Tial and annual lotaliotis. Agreeably to llio law wliieli 
rc^ilates the conditions of all bodies moving at liigli velodtles, 
tlio consequence of such a state of tilings v/ooM be, (liat our 
pknot would instantly spioad itself over an oiiormoua area. Tlio 
waters and tlio solid nia^3s of this globe would, in all pvoliabili- 
ty, pi03ont themselves amidst tbo other phenomena of space in n 
highly attenuated state, revolving in an orbit around the sun, or 
KB a band of nebulous matter, which miglit sometimes bo render- 
ed scumble to sight by eondenattion in the form of flights of 
stiootiiig fitars-C) 

ThiB may be illustrated by experiment. If upon a rapidly re- 
voking disc wo plaee a ball of dust, it will be almost iniitiod lately 
spread out, and its particles will arrange theniselvea in a series of 
regular curvis, varying with the velocity of the motion. lu ad- 
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ditioii to tin dnintogratioii islueh would nwxs ftotn tlio toudoiiey 
of (liu Htoius to fij Iroiii tloc centic tlio motion in spaco, di' tlio 
pliinetavy iiihss bou1<1 imtuwllj oeei^!Oll .i tuilhi;^ out, mt\ the 
only degree ot uinfornsily ^ihieb thii, oib LOnId, iimlei' titcwi im- 
aginary conditwna, )K^-ibly present, «ould lit derived from the 
eonibinud oBicIs of dmniul u iiiutioii-, 

Amid llioiomotoi slais soino iciiiail il.l. ilmiilltk. npppin 
anocsarodi co\itcd Ilie'-oncbuJ-i, j r I m tlio 

obsorvoi- onii i (,Uiinmf, ]||,lit ns ftoi i n \t 

pour, were lonj, it^ndid ns imlit iti i \ \, n is 

tliat which \\<. lint, ju>,t bum cotiMdcrLii,, A h mum i, in, m 
those myateiious iii.bul'o aeonflimatiuiiof tbcir \icwi wliuU re 
gardcd nil tin orbnof fhofiimamtntns \n\ing onco Urn tbm 
sheds of \ni)om wlndi hnd ^LnhnJl* from ureguhii bodies 
traversing spice been sloiily Londoiisi-d iibout a cuitio, and 
brought within tlie limits of a^,^n^llll( < <i\<n tmlil atKr 
the laiKC of «f«3, they became sjihcud ' i i t Kmny 

ainid the biight h(«t of In «ou (") ' 1 1 . o 

views with cagomteb as coiifiiniinf, t)i i 'i I i \ n ilo 
dueod from an eximinalioH of the stiuUim-o! tin, tin ih ditlf, 
and explained by ihcm the gridiial aceiciion ot atoms into cijs 
tallino or Btiatdied rock-. 

Tiio researches of inodern aatrononiei'' lukd by tlie mai;nili 
cent instruments of Ixird Kosse C^) liavo tiowoioi, shown tliat 
many of tho moat leinirkible nebulo iro onlj olustoi-. of stjis, 
so lemolo from wb that, tht light iiom thorn appears blondt-d luto 
one diffusive sheet or lummons fiho 'J hero aie, howc^ii iliu 
Magellaiiie douds and otlier Bingiihir pttohoa ot light exhibit 
ing changes wliieh can only be explained on the theory ol thi n 
slow condiiiisatioa 'lhereisnoo¥iileni>i,fa dt proio tho jio iiim 
that world-formalioii may Btill be going on ; that; a slow liiid 
gradual aggrogatioii of particles, under tlm iiifiuoneo of hm 
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with wliiuh wo arc nequaiiilod, may bo coiistniitly in (irogress, to 
und, evcntunily, in tiio foimatiort of a sphoro. 

May ive not regard the Ko3iyiciil liglit ns tlio mmaina of a ^kr 
luininifcroiis atn!Osp!*ero, whiob ouce cinbriicetl the entire sysfom 
of whiob it is the eoiih'o?(''') Will not tho sttango ehaiijjes whieh 
liiive been seen to take place in eomclary bwIioB. oven vrliilfit 
tliey were passing near tlie cavlb, as tbo division of Bichi'w 
comet ami Ihc uitiuiatc fovinnlion of a sccuml micluus from tlio 
(leiaelied prlion, strongly tend to siippoit tbo |iro!)ahiUty of llio 
iiloa Hint atfcmiated niatlor has, in tlio progccps of tiino, I>kcu 
coiulensotl into solid masses, nnd that nohtiloiis clouds must stili 
o\thtin c\ei> stalo of tonuity in the rogioiH ot mlitiit* space (") 
\shi(h, III the mjsfumiis ] i n i n of \ oihl loiiiiahoii will, 
Mpoluilh lioi laiK sill il 111! btito ininionsity 

ot h(a\L» 111 liii^liioi (n '111 neccswiry agent 

of 01} iiii/itinii anil ill ni u ii i lU 

Tbo uiiLicnces diomi lioni i < tn,liil -^tudj ot tbo rondilioii of 
our own (jbhi. is in fi\m ol th(, t'-Mnnptiin ot tho oxufoiipo of 
nebulous matloi B^ Ihi. piocc p3 of art and miiHitiiituic, by 
tbo oporation of those poivcrs on which organijiation and lifo 
dopond, solid matter is constantly ponrod off in such a Klato that 
it eannot lie dctoclcd, OS wififto-, by any of the hnman ficn^os- 
Yot a thousand results, dally and hourly aeeminilating m Ei'nlhs 
around us, provo that tho solid motals, the gross earths, and tbo 
constituents of animal and vogetablo life, all pnss away invisible 
tows, and become " thin air." Wo know that, floatin<; around 
us, tboso vo!ati!i«id bodies exist in sonte fyrift or other, ami 
numerous esporiments in eheniistvy are calenkled to eonviniii 
ua, that tbo inosl attciiHated air is capable, with a slight clian;!!: 
of eircumslanccs, of being ooitverteil into tlte condituni fif s-nlid 
masses. Hydrogen gas, the lightest, the most ciherial nf tho 
oliuniieal eletnents, dissoIvcB iron and wne, arseino, sulphur, and 
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cavbon ; nn^i finm tlio transparoiit comliinalionw flnifi fiiinicd, we 
can willi facility soparata those jsoiiilen"! , li ii. S i ■■i snl)- 
Blniices must exist in oiirow«st!HOS|(tii;if : .. , ■■iona 

ofspaeo? Whetiieetbis pkiiotovcr lloiiii n .. m,.- ■:, !si,:,ubns 
niatlor, only known by tta dtni and filmy liglil, ov cininjt-lilio 
rushed througli spacG witli cpcentiic orliif, are (£ij<!s(i<ir\s wliich 
flail imiy receive the reply of speeulalive iniiiils. Wliethci' tho 
oai'fh and the otlicr Tiioiuberg of tlio S<ilar System woix! iivct 
parU of a Ociilial Suii,("*} niitl tlivoivu from it t>y KOiiio mighty 
oonvulsion, thoanh now revolving with all tho other iiiiissiiK 
around that orb, cliaiued in their cireuils liy some iiifinifo power, 
is beyond llie utino.st rcriuemetits cif Kciciico to <liscovcr. 'I'liia 
hypothesis is, hoivovor, in its fiuhliino coiiccpfimi, ivovlhy of tlio 
ninstci'-iiiind tliat gave it birth. 

All wo know is, that our caiiii is a ^j)ln?l■e, wlii.li, by Ihu 
cffissis of its motion, is somewhat ciilargml at thn e^^iiafor ami 
do|)ressc<l at tho poles; — that it maintains Us regular camno 
around tho snn, in virtue of a fofco which, noting constantly, 
\youl<l eventually draw it into ti\G body of llio snn itself; bnt that 
thi'i force is opjjo&cd by tho niomeiituin of the revolving nmss; 
— thit tho saiiiQ forco acting fioni tho centre of tho earth itself, 
and from tho centre of evLrj piittUc of its substance, resolves 
tho whole into a globulor foiin 

Tho pHiicipleof Oi-a\tiition('^) is that proporfy of matter by 
which jmrholo la attracted by pirliclo, and niasa by n>ns?, the 
hm towards tho greater Whit tins may be, wo scnreely dare 
to Rpceulito In tlio itibt aroi of ttn action, wbioh opens hofovo 
the cjo of the nnnd, we sco a power Fpannin^ all spiioe, suiil 
linking Inffclhcr B\eFy one of tho'-t myriads of worlds vihkh 
Bpan^e th( mbo of the Infinite and mo are eompetlud to \imm. 
Is this pimciplo of gtaiilatiow ft pioperty of nialter, or is if ii 
|K)»er higher than the inoro tan^blo forces, is tlie question ivhii;h 
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pvesses {>!! fhfi mliul, Tf wo voganl it as it siibfilo i.vincipin 
porvadiDg all space, wo eomj)el onreclvos to look iieyoml it for 
anottier p&YiM jet moio Tefmeil ; and wo ennnot halt unlil, 
a^ciKliiip; from the linsitablo to llio ilHinitiililo, we fc«i1vo Rrsvi- 
lalion mill its governing influence to (lie centre of nil power — ■ 
tlio will of (lio eternal Creator. 

Science lins dovoloped tlic grand trutli, tlinl it. is hy tlie oscr- 
eise of (liis nU-iiei'Vftilingiiiiluenco tint tlio orlh is lotnincd in its 
orWt — tlint tlio crystal globe ot (lew wbuh glisteiii on tlio leaf 
JsljOHiid together — that the dtbris «lneli floit upon llio Inko 
nceiimiilaica into ono masi^llut the sei evinlnta (ho phono- 
incna of Iho tides — anil tho nerial ocean its hiromctrie cliangea. 
In all tilings tliis fotoo iH letnc, lud thioii^hont nalnro it is over 
present, Onr knowledgo of (ho laws ninth it ol)o>h, onablea hh 
to conchido that tho sun niul distant phnota aio consolidated 
snasscs like diis earth. We find that thoj h-no gravitating 
power, and by comparing tins mflnciico wUh that oxcrteil by tbo 
earth, wo aro enabled to weigh Um ma>3 of ono pi mot against 
another. In tho balancoof tho astionomei, it 11 as easy to poiso 
tho ronioto star, as it is for tho ongnioei to calculate the weight 
of the iron tinincl of thoMomi btiaits 01 ^ny other mechanical 
Htmcturo. ThHif throughout the iniivcisc tlio hahnco of gravitat- 
ing forco is unerringly siistainod Jf ono ot tho most renio(Q of 
th<Mio gonis of liglit, wWeh ilickct it midnight in tho dark dis- 
tance of tho starry vault, was, by any power, removed from its 
place, tho disturbance of thaso delicately balanced mysteries 
would be felt through all tba ereatoil systems of worlds. 

IJ'rom tho peeuUarity of iho laws whieli this power called 
gravity obeys, it has boon inferred (bat it acts from oonfros of 
foiT?e ; it is proved that its power dimiatshes in the invoice ratio 
of the sc(uare of tho distaneo, and that iho gravitating power of 
every material body Is in tho direct proportion of its msm. in 
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asironomiifal wtilonkfbns we liavo Utat to fcavii tlio \mm of o«r 
earth. EKpeiimaiiE in&i-ms u3 llxit the donstly of our liuvdest 
iisck H riot above 2 8; bui from the eisoi'moiis pie^'iui'e to wliicli 
matter nmst bo subjceled atgieni<lcp!!is horn the bihIiho the 
weight of th sHptiiueuin1>ent nia^ eoiisfitiitlj lutr i ui it l^ 
(juilo (.(.itaiii thU tl o ciilh b duihity must bo fii rm ic tb iii tbis 
Ma'-'koljno siisiiemleil t pluiiiiiiet over bcbi.hiUiii( ) and 
Caiciuli'sb with exceedingly dclienio iipjmiatu'i ob cntd Iho 
atti-ictioii of iin<sei> of kiion(i wujif and aizo upon each other, 
niid ip|)ljingtho jmvrcrs oi nutbincdiiil cdculidou itiid tho dnla 
obtained fioni (ho '■innll cxpciiinentt to the laigci pbciioiiiciia, 
the iiist dPtoiniinLd the culh s mean diii^ity to bo i 71 whilst 
tlie hitloi made it 5 48 and tt o moio rcuiit iclintd ii);ci.h}:,a 
tloiiaot Jl<iily ha\o dtici mined it to bo S-OT-C) 

I'rom dotn tluis obtained by Ecvcro inductive cxpeiiiiienia niid 
niathoilmtical onalygcs, the aslroiiomor, by obsevviiig Iho dcvi'a- 
tloiis of H distnul star fiom a (rue path, is enabled to doloriiiino 
the influence of tliose Ktellar bwiics near wiiicli it passes, and, 
hcHCO, toealouliitetbo leiativc niagnittidcofcacb. Thoaccuiitny 
of tha law is in this way put to the severest tefit, and fho pi-eei- 
sinii of natronomieal prediction is the litrongoat proof of its uni- 
versality and truth. 

Kolliiig onward its lonely nay, in tlio far immensity of our 
system, tho planot Uranus was tiiscov(!red by the elder ITerschol, 
— so great its distaueo that its diraini shed light eonld seareely 
be detected by the most powerful tele6C0|ics ; but siime its dis- 
covery its ;pth baa boon carefully watcbcd, and some iiTeguliiii- 
lies noticed. Most of tbesj distarbatjcos were referable to known 
causes; but a Utile trembling obajrved when the planet was in 
ono portion of its vast orbit was unes: plained. Oonvineed of Ibo 
oetlainty of Newton's law, tbfso dcvtationa lyere referred to tbo 
gravitating iiiffluenco of a mass unknown to us; and by the in- 
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vosligntioiis of Adams in Eiigkii(l,(*') and !.o Vevrif^r in 
Fratico.C") tlie place of an Jiyptrtbotieal |ilanet w-as detoriiiinod ; 
and as a graiiil confirmation of tlio great kw, and to the glory of 
tlio^o two faF-ficarchiitg rainds, ivlio do tiniior to iheir rcsiieclivo 
countries and tlieir age, flio hyitolli.-i^ i:^i-;iii(^ u P.n-t.m Iho 
discovery of (he planet Ncjitiiiie in lit ■ ;■ ■ ■■ .i. li. .; l.y rigoi^ 

0113 cnlciilntioii. Aslvonoiny alliml. ci^ui' [■■ i-hiili-; of tliO 
BtiMimo ti'ulli of tiio law of giavitatioii, tliiiii \vliiL:li science can 
nffitrd no tnoro cle\'nfcd pootry. 

So coinjilelely is all iiatui'O loelicd in tlio bonds of lliis infinite 
power, that it is no poelic oxaggoration to declare, Hiat the Mow 
wiiicli rcn<l3 any cavthly niasi} is conveyed by auceesssivo iinpulKCS 
to cvevy ono of tlio mjriads of ovVa, wiiieli avo even too remote 
for tlie i-eacli of telescopic vision. 

An illustrative expcvimont ino.st close our consideration of 
tins voniarltablo principle. M'o wtAi know tliat a liody in a fiuid 
Btato would, if suspended above tlio oarlli, it being at tlio «imo 
time fi-ee to tako any fonn, naturnHy .issunic lltat of iv flnltoned 
fi|ilion)itl, from tlio action of llto niasa of llio eartli ui>on it; 
whcreaa tlio foreo of coiicBivo aUraction acting equally from nil 
BidCK of ft centre, would noccssivvily produce a perfect upliore. 
Tlio best metliod of Rhowiii!^ lliat tliis would bo tlie cuko, is as 
follows : — 

Aloobol and water are to be mixed togetlier until tlio lluid is 
of tbo "imo ipetifioy nify 13 oli\e oil ff i\licn fbif is (ffpft 
od, ^vc drop fjlobiilts of tbe oil nilo the mifcd fluid, it will ho 
Keen that llioy tako an orbicular f(i n i 1 f ' u t in " 

oxperin ent the jKiwer of tbo eaiS! 
tralr/ed 'Ihe "inio drops of < I 
wonld I " flattened fann|lo r= H 
of thewinhons cu t fMIn 1 i [ ill i 1 i I i i a 
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cnhflsioii !iim1 of gvavilalion; nn<l from tbc jirofaip fad wo rise to 
a gtoat plitlosopbioal inith. Our csperimctit way lead as jct 
tavther in exeinpUSeatioti of known phonoraona. If wc pass an 
iron wire through oiio of tlMse Aoaling sphoreH of oil, and mako 
it rovolvo rnpidly, iiiiifnttiig tlic motion of a pltinet on its asis, 
tlio oil spvpadM out, iiiid wo hnvo tlio sphcTOidnl form of our 
oorlh. Tncroaso tlie rapidity of (liia rotntioii, and wlinn a certain 
r.ito id olitained tlio oil divides, and n ring, eoimeetcd by tlio 
finest possililo film with tlio central globo, rovolvns around it,(^') 
llcvo ivo liave a niinuto roprcscnialion of the ring of Saturn. 
'.riiis is a siiggealivc experiment, tlio repetition of ivhioh, by re- 
flective minds, cannot fail (o lead to iinpoilant deductions. The 
phenomena of cohesion, of motion, and grnvitafion, aro all in- 
volved ; and wo produce results resembling, in a striking man- 
ner, the conditions which prevail in tlio planetary spacoB, xindor 
the iuilnonoe of tlio same powers. 

From the centre of onr earth to the utmost extremity of tlio 
univorso' — from the infinitely small to the immensely vaRt— 
gravitalifiu exerts its force. It is inel on hU sidfs by [ilijsical 
powers acting in antagonism to il, but li!;o a ruling spirit it re- 
strains tiioin all. 

The emallcat diiat which Hosts npon flie wind 
Jicars this Blroiig impress of the olecnal mind. 
Ih mystofy round if, Hubtito forces roll ; 
And gravitaiion binds and guidea the wholo. 
!n eyery aaiid, before the Ipinpcst hurled, 
IJB iQcked the poweti whicli teKutstB a world, 
And from each atom humon thowglit may rise 
With might to piereo tho myst^ieB of the skiea,— 
To tty each forcn «hich rales the mighty plan. 
Of moviisg pl.inctSi or of btcnthiug man; 
And from fho secret ivondets of each sod, 
lilvoke the ItHths, and Icato (he yoMor of Ooil. 
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Condilions of Matter- Vflrlcfy of otgani^fsrl Forms — Inorgnnio Forma 
— All iiwlter reducible to iho most simple conditions — Transmuta- 
tion, a natural opctmioii — Clicmieal Eleiiiontnr; IMneiplas — Dlvii- 
iliilily of Matter — Atoms — Sroleculci ^ Fattiolos — Stoloc.il»r ForoD 
inclHiltB BevcrsI Agencies — Inslniicpd in the Aetion of Heal oi> Boil- 
ws — AU Sodica porous — Solwioii-Wixtiiro — Combiniilior!-- Cen- 
tres of Force— nilVmtit bIbIcs of Matter (AllolroiiSo Cornlitions) — 
Thcoties of Kranklin, A:i)iniis, and Coulomb — Klccttical nnd Mag- 
nelic Agencies- Ancient Notions — Cohesive Altraclion, »e. 

In contemplating (lio worka of nature, wo cannot but rogaixl, 
TOth fi-olinfp of religious admiral ion, tlio infiitito vnrioty of farms 
nnder wlweh matter 11 prosentcd to our scnaoH. On ovory hand 
tho utmost diversity is cxiiibited; tbrongli nil ttiin^ (vo traco 
tliomost iieif(.a order, and over all is diflusod Uio elimn of 
Ijeiut^ It it the uneducated or depraved dlono who find dc- 
fLrnniicj lu the citidons by whieli we are surrounded. 

'J hi. Ihico conditions of mutter arc — (ho solid, tho (Inid, nnd 
tlic uinlnim , nnd thc'o belong equally to tbo organic and tbo 
morganic woild 

111 orgaiuo nature wo have an almost infinite variety of aniranl 
form, presonliiig devolopmcnte widely different from eai^li otlier, 
yet In every ca^ suited to tho cireitnistaneea requircid by the 
position which tbo ereaturo oeeupfcs in tlfo sealo of being. Through 
tbo etitii'o series, from the Polype to the higher order of animals, 
even to man, wo find a uniformity in tho progrcfs towards per- 
fcoiion, and a eoiiliimity in the Bcries, >¥hich betrays tho groat 
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i^oerof, tliat l!m mystery of lifo is Oio famo in all, — a pervading 
Kpiritiiiil i!^unco iisj-oeiafcd \n\h malter, and inoilifyinj; it liy tUo 
iiiaster-incclianismof an Infinite miiiil. 

In tho vegetable clotliing of tlio snvfnce of the eavtli, wlucli tils 
it for tho abode of man and animals — from the confervio of a 
stagnant pool, or tbo lichen of tlio wiiid-bcatcii rook, to llio lordly 
oak or towering palm — a singulni'ly bcn\ilifiil cliain of being, and 
of gradual ulcvaliou in (lie Ecnle of organ ixal ion, jn-cscnlK itself tp 
tlio coritornplntive iiiincl, 

In Iho inoiganio world, where the groat phenomena of life arc 
wanting, wo have constantly exhibited llic working of powers of 
a sirangely oonipHcalod kind. Tho Hyinmetrkal arrangement of 
crystals — tho divorBificd eliaraotors of mineral fornialions — the 
systcmatio aggregation of parlicles to form masses popscsKing 
propcrlios of a pecnliav and striking nature — nil prove that agen- 
cies, which pcionco, with all its rcfincmoiifs, has not yet dctoctcd, 
Bvo wiicoasingly at work. Jfcat, electricity, chemical power — 
wlinlovor that may bo — and tliO forces ofcohesi(m, are known to 
bo involved in tlie prodtiction of tho forms wo see ; hnt contcm- 
[lat soo leil o tl e e o that these powers arc suhor- 
li ale to others wl 1 e k ow t of. A\'o know oidy tho 
th ga holo g g to ll 3 f eu f our planet, and these tnit 
s [» r ally TI geologist tnces rock-form aliens sueecoding 
eicl oil or (fontho|rniarystrataloldingiio traces of OTgfiimed 
foims, through tho Paleo/oio scries, in which, slop by slop, tho 
history of animal lifo is recorded,) to tho more recent fovmationa, 
teeming wifli relies, which, though allied to some animal types 
still qnickencd with life, are generally such as have pitsi«sl away. 
Tho naturalist soarehes the earfh, the waters, and the air, for 
their living tiling; ond tlio dh^rsity of form, tho variety of cm- 
dition, and tho petfecfion of or^niwiHon which he discovers as 
belonging to this onr opiwh — differing from, indeed hearing hitt n 
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alight rolalion to, Ihoao wUicli mark the earSh's mutations— 
oxIiUiit, in a most shilttng view, ttie cadlcss voiiely of libaructcrs 
wliiols mattev cau assume. 

^Vo isro so accHstomcd to all tlieso jihoitoinonn of matter, that 
it is with BOino diflieulty wo can bond ourselves to tlii! stuiiy of 
tlic more simple eoiuJitioiia in wbioti it exists, 

I'lio solid crust of this Iclluvic spliore — tlio waters nii(I llio nt- 
mosplicro — lliediveraiQcd fabrics of tlio vegetable Idiigdoni— -ami 
tlio still moi-o complicated structures of inoii and animnis — are, 
altogolber, but tbo aggregation of iniimto [lartielos in accordiinco 
witb eovlain lixed laws. l!y meebanical means all Uiiids of mal^ 
tcr may lie reduced to powder, llic fine |)artielcs of wliieb would 
not appear very dilicrciit from eacliotlier; but oiicbatom hasbooii 
iiiipreKsed witb properlics peculiar to itself, wbicb man lias no 
puwer to abaiige. 

'I'o iialnro alone belongs flio mysterious property of fraiisiim- 
tolion. 'rho oiitbusiastio alebemiht, by tlio agency of pbjhic-al 
forces, disjajjateB a metal ii» vapour; but it remains a metal, and 
tho Bamo metal still. By the Ilorpnelic art, bo breaks up tbo 
combination of masses ; but bo cannot alter tbo principlctt of any 
Olio of tbo elements wliieb formed tbo mass upon wbieii his skill 
is ti'iud- 

J'lvery atom is invested witli pro|H!rtioa peculiar to all of its 
class ; and eaob ono possesses powers, to wliicli in niuto obedieuco 
itiscorapolled, by whieb these properties are modified, and tbe 
obaractcr of matter varied. What aro those properties? Do wo 
know anytliiug of those powers ? 

Tlio earth, so far as we arc aefjuainted with it, ia coiiipo^eil of 
about sixty principles, which we call clumcwtary. 'I'liei^; mo tlio 
m«*t simple states (o wbioh wo can reduce matter, and from tbem 
all tho Ibrms of erealion yet cxaraiitctl by tho cbcmisi are pro- 
(Ineed. 'J'hese elementary priiseiplos are, some of Uiom, pormanent- 
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ly gaseous irnilor the oitlinary tompomlurc, and others exist hs 
solid masses ; tbe tliiTorence between tlie two conililiotm being 
regulated, as it ap|ieai-s, by tlio opposing forces of boat and co- 
hesive altraetion. 

Matter has boon regarded by sosno as infitiiicly divisablo ; but 
the known uonditioiii! uf clicmical combinations lead to tbo con- 
clusion tliat tberc aro Hmils beyond wliiob niallcr cannot bo 
divided. ('■') 'J'lie theory of atoms Iftiving (Ictevnnnafo chtiraclcrs, 
and possessing eymaictric forms, certainly lins the advantage of 
presenting to tbo hninan mind a starting-point — n tort of standing 
ground, fiDin whicli it can direct tlic survey of cosinical pheno- 
mena. 'I'ho inclaphysieal hypotlicsis, which resolves all niattor 
into properties, and refers all (hinga to ideas, loaves tbo mind in 
a slnlo of uncertainty and bewilderment. 

Adopting tho views of Dumas, with some modifications, (™) it 
will be found nsoro satisfactory to regard tbo ttltimiile atoms of 
matter as points bcyoiid tho reach of our examination ; which, 
according to a law defcnnined by the influences of tho so called 
imi»ondcrablo forces, unifo to form mokmles. Agntn, these 
molecules combino to form Ihe particles of tbo ntass which wo may 
regard as tho lintli of mechanical division. 

Tlio parlieles of solid l^iea are solid, tlioso of fluids fluid, and 
those of gaseous bodies aro themselves ai^riform ; bnt it does not 
follow that tho ntolecules of any body should be necessarily solid, 
fluid, ox niiriform, from tho circunistanco of their having formed 
tbo particles of a body in one of those slates. 

As this planet— a molcoule in space—- is formed of aggregated 
atoms, and enveloped by its own physieal agencies — and as it is 
involved in the infinifely extending influences of eiher planetary 
moleoules, and thus forms part of a system — so the raolceules of 
any mass are grwipad into a system or particle, which jiosses-fos 
the great ehanicteristio features of tbo whole. 
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Ill ail aeiiform bocly tho parliolos arc iu « slnto of (jskeiiie 
tonuity, tlio iRokcdlcs bchsg thetnaelves, by tho iiiflueiiM of fsomo 
repulsive force, just on the verge where colio^oii exevls its de- 
caying power. In fluid boiltcs, tlie iittcnuation of tho partfelenis 
ioas — tho particles and also tho iRoIeeulos mx) nearer lo;;olher. 
Whereas, iu (ho solid body, the forces of cohesion arc iiiOKt 
Mlroiigly exerted, mid all tlio mokeuhu' conditions brought more 
powerfully into action. 

Under the lerm loolucukr force, wo iiiehulo neveral agcnoios 
ivhicli are not alike, hut wliieh are all-jiowcrful in pro(lu<^ing tho 
general eliaraeteri sties of bodies. Tliosc require a fiomeivhat cleso 
cxaminalion. All tho particles of even a solid iiinss uw at a <\h' 
laiieo from each other, and ai-o free to move. l!y licat wo can 
iiiereaso tho length and thickness of u bar of iran, or any other 
iiiclal. Fluids and gases in like maimer oliey the dispursivo in- 
flueiieo of caloric. From Ihcfio and other analogous vesuUs wo 
learn that all bodies have a greater or loss dugi-ec of porosity. 
Tbo distaitee at which the particles of fluid bodicsnremaialuiiieil, 
is fitrikingly [n'oyed by tlie faet, that hydratcd Ealf.s dissolved iit 
water occupy no moro space than that which is equal to tho water 
contained in tho crystalttno body. All tho solid niatler of the 
salt must, in these eases, go to (ill up Iho in torsi it ial spaces of the 
fluid, (^) 

'i'lio condilioHS which regnlaio tho solubility of bodies, and the 
power of solution, regarded either as a meehanieal or a (iheinical 
procoM, are very obscure. We might he led to suppose, that 
those IwdicB posseting tho largest amount of nnoeeupied space 
were capable of holding tho greatest quantity of soluble matter 
dissolved. Tliis is not tbo eoso as a general rule. 

'J'ho peeuliar jnannor in which hydrogen gas appears to dissolve 
solid Butelanees, asiton, poia^sunt, sodium, sulphur, phosjiborus. 
Bek'iiium, and arficnic, is cxplahied by regarding the result an oit^ 
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of a cbemical character, and only a manifestation of tlie powers of 
affinity over the forms of bodies. In like manner fclie solution of 
salt in water, or the mixture of alcohol in that fluid, may ho 
viewed as a chemical plienoincnon, although usually considered 
as simple cases of solution or mixture. Alterations of tempera.- 
ture and other physical changes take place in all. K two masses 
of metal, tin and copper for esainple, are melted and combined, 
the united mass will not et^tial the hulk of the two masses. If a 
pint measure of oil of vitriol and an ec[ual quantity of water arc 
miscd together, the oombined fluids will not fill a two pint 
measure. (^) 

In these instances a lirge quantity of heat is rendered =ensiUe 
as if it haf been b^ eezed out ly the force with which fie parli 
cles un tol ftora nteislieeswh Ck itwoull appe« were fille 1 with 
what we may 1 e allowed to call an atii osphcio of heit Hence 
we conclude thit an o gst the influence determining the mole 
culir constitution of i lody heat pcrf rms an inp rtant part 
All these fccta go to pr ve that the atoms which f rm the com 
pound body whatevei n iy be its character are disposed of as 
so many ceutres of force which act by influences of i peculiar 
eharaetei upon each other That these influences aic dependent 
upon known phj'ical foires is certain but the laws Ij which 
the powers of the ultimate atom are altered remain still unknown. 

In the great operations of nature, changes are produced which 
we cannot understand, and variations of condition do certainly 
occur, which may he regarded as instances of transmutation. 

Amongst others, we may adduce the diffctont states in which 
we know oarhon to exist. We have the diamond with its beauti- 
ful light-rcfraeting property, its hardness, and high specific grav- 
ity, capable of being converted into graphite and coke. (^) Char- 
coal, graphite, and the diamond are totally unlike each other, yet 
■we know they arc caoh composed of the same atoms. Charcoal is 



h, Google 



60 ALI.OTROPIC C0SB1TI0K3 W JliV VI iHHU AtlllH 

a liJack irregnlnr btibsfance, light tnd iPodpli titflminiaWu, 
grnplulo is eryMBllbable ; but the foim^ cf n ' 

refoiTCil toihoseof fhodiamoiMl, and itbuni 
diamond oceura in tho most rcguhit iinil 1 s ni 
formsj ami it can be burtied only nt (Iti, litj,lis i luili lit j i 
aturos. We are, however, convinced by e\])Uiinient tbut tho 
brilliunt mid trnnsparcnt Rom is undo up of Ibo Faino iitoiiiB as 
thoso which go (ofoim tlie dull black inasa of chaicod What is 
the inj'Klcry of this 1 Wo know not, 'Vhem jiocnliar conditions 
have hocn the subjects of anxious study ; but ficionee lias not yet 
let ill a ray of light upon tlie myblcry. Tliat a diffcrotit stiitc — it 
has been called an aUolropic condition — is often induced in tho 
fiaiiio class of atoiiia is ccvtain ; and bcncc tlio vaiicty of the roKuIt- 
iiig compounds. To continuo onr illustrations with cniban — 
may not, its conibinnlioiis, in uniform proportions willi oxygim luid 
l!ydro^n,(^) owe their differenecs fo some allod-opio change i» 
(ho ultimate atonic of tlna clement ? 

Wo know that siHcinm — the mefallio base of fiint — ia 
capable of assuming tno or more different slates ; mid sulphur, 
Eclcniinn, pliOFphorus, nnd nrsenio nro suECcplihlc of these 
remarkable changes. Copper, iron, tin, and inanganeso are 
known to exist in at least twostalea, and many of tho rarer metals 
exhibit the sanio peculiarity. (*') Hence, may wo not inferthat 
some of those sufetaneea, which wo now term eiemeniary, are but 
dissiniilnr conditions of tho same cloincnt 1 'X'ho retnarkublo 
rosoniblanco between many of fhoBo Iwdica strengthens tho 
speculation. Iridium and platinum, iron and nickel, eWorino, 
bromine, iodine, and probably fluorine, arc good e>;ainp!es of thcKO 
mniilanties, although these bmlies ara nil diafingntsliod by physical 
and clicmical diflerenccs. 

TliC ligbt-refraeting gem, which glistens on the fieek of beauty, 
and is valued for its pure transparency, diflers only from the rude 
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lump of «ol!0 ii! ifs inoleoular avrangonieiit. Oliemisf ry feaelics us 
Unit wo may, without producing any Ji^atrangeiwout of aftinhit^s, 
but liiRroly by seHing tip inoleeular distiitlianoe, effect (fccidnd 
eliangos, as is sfciklngly shown in tho colour of iodido of iiiereu- 
ry, under the itiiluenco of boat ; — and by a slight change, tiiuicly 
liiolcoiikv, jiroduocd by caloric, ii^on may bo mndo to roscmblo 
pklinum in its chemical I'clalionR. (^^) Un studyingthiKijucKtion 
we ccilainly fiad good reason for su|)[H)siiig (tiat bodies, resem- 
bling ench olhisr in most of their properties, are the result of 
dift'ercnt conditions wliioh have been inijirossod u|>i)n llio ultimate 
fttonn, siiiiilar to those diseovorcd in the fiubslanccs ivc have 
named, l-'liis hypothesis appears to bo uioro in accordance with 
tho gi'cat priiieiplcs which wo must conceive guided the lahourH 
of nil Infinite Mind, than that wiiieli supposes a vast lunnbcr of 
iiidividuttl creations. It will be men in tho sequel that light, 
heat, electricity, and eheniicai action have tlic power of producing 
yet more striking changes in tho forms of bodies; and it is prob- 
nblo that, nceonling to tho operations of Uioso agents, either 
combined or separate, acfing over dilToront spaces of lime, and 
' under varying cireunistancea, in relation to tho ntolecular forces, 
all those allotro|)ic states may bo produced, llenco bodies may 
still be discovovod, which, from tho impRrfcctions of s<!ionTO, 
resisting our means of decomposition, must, for k time, bo 
rogauled as now elements. 

'I'ho oxpeviinents of Faraday ^rove that all matter is in certain 
polar conditions, having apparently tho ))oivc!n( of mutnni attnic- 
tioii and repulsion, (*') Arc the nioleeular ftircKs to bo referred 
ta any of those powers? Are thoy not pnibably the result of 
¥x>ma ultimate principle of which those properties are but the 
modified matiifostatioiis? 

l^ranklin suppossd iho nrinuto atoms of bodies to bo surroiuid- 
eit wilh a fluid or etiier, which thoy condcnswl upon their khi> 
facos with great farce™aHd wo have ex-pEriments showing that 
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tliHistli Ci!K.-"(') nlsilttlioiogtidul til Bin s of llic eiliee 
it (.If as iimtualiy lopcllcnt Urns eMiblt^bm^ an l luiUbrium of 
foreis Jilpmuf icilwcod the hj poflicBis of nanklm to a ranthc- 
nMilieal tlKiOiy , and Caaloml) piote I tltat tlio force with which 
tliQ icyuHioii of tlio ethci al itotns anl tho -jthnotbn of the 
matfrml moKulea iio pro lucpd i3 hko lumoiml iittraclion, to 
whntovor jwwor that may bo due logtilntcd Ijy Uio law of tho 
m\crso utio of tho Eqinio of tho diMimo llioBO views «ro 
found upon I nimto otanunntioii lo hoi I tnio to tl c pliouoniciift 
with which nilucti\o scioiico ha* mulo iis ic|«nmtcd; and tho 
Btuking nianiici ni \Yhicli whtn Buhuiiltid to tho rigorous iiives- 
tij,itionH of {,00 iiBtoM thoy agic( with known eonditionaof olcc- 
tncily ijipcirn coitiuily to fft\oi tlio opinion tlint this powet 
m-ky bo imtoinlly coinioi,ted \sdli thcw lulerular airongonionts. 

Aliny of tl phonoinein wlm.h ho conni cfcd with tlio mag- 
nolio lufliicneos ilso bcii m ft luiuikablo nimupi upon this in- 
quirv Bat withiut tho necessary pioot of duccfc exporiinental 
tvidLiiri, it wcio IS uni hdosopliioit to rcfor the binding togothoF 
(f tho molcculti ot nnttcr to tho agcniy of electricity, in any 
<f it's niodois aaitttoullbo fo a bpt tho tlieoiy ot tho hooked 
atoms ot J piouruB oi tho osfrologiLal dioim of the aympalhies 
of maltcr.(^) 

Science, howevor, enables us to infer witli safoiy that Uia 
mcoiianwrn which regulates tho coiistitntion of a cube of marblo, 
or a granite inoimtain, is of tho sanio order as that which dotor- 
minea tho earth's pkeo in t!»e solar system, and tho sitiiation of 
tho Kolair system in the iniinensity of space. 

In fine, cohesion, or tlio attraotiaii of aggregation, is a power 
employed in binding partielo to particle. 'So cohesion, wo tind 
wo have caloric oppCKed as a repnllcnt force; and tho inystori- 
ona operations of thiwe ekctrieiil phenomena, generally referred 
to as polar forces, are coiistanfly, it is certain, inferlwing with 
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t' ( ni.1 (t ilpioji. lii addition, wo lisvi! Muii ihiil in lilt- 
lu e cl) iu o\! ts an igonoy wliieb is oit[ial>le of cliaitgiitg tlie coa- 
stitulioii of tho uhimato atoms, and of tliua giving vniiotj to eaoU 
resulting iiiti'v' What this j»wor may bt, otn acicttcc uannot 
ttH l)ut oui re-fyjii loads us, with firiit lOtiMLti.tn, to tha liiiliof 
tliwt it IS a piinciple wliicli is, boyoiu) all olhtis in its Kubtilo 
influcntes 1 1 inifestiiig to us tlio diviiio powoi of tlio omniscient 
Ore iter 

ilio inolcoiilni forces in\olvG a con sulci at ion ot all tlio known 
pliysicil powoi'" tlio study of wliich in f! ten operilioiit on mat- 
ter willcigi„o 0111 attention Hut it is plcinnt to Icani, aa 
noad;incc step 1 y step m our cvaininalion of the pliunoinona 
ot cieilion thit wo miy study the yaml in uint exteiniilly ap- 
peal a llio tiniiilo nid iLain in tho in\ht<ries of a pnrdclo, tho 
liigh trulhi which science has to tell of a p! net 

It may appear tint we legnrd tho foiccs of gravitation and 
cobosion a-i identical Many phenomena wliicli wo arc enabled 
to reaoh by tho icfinemonN ol mliidno ini|UU'y, certainly pre- 
sent (o us a stnkinf, sinnlmtj m tU laws which I'ognlato tho 
o|)OTttions of tlio'o jioweis but t< must bo lemeinborod that 
liiMi- identity is n t ealabhshed lo ijuoto tho words of Young : 
' 1 ho Tvliole of oin imiHiiies lesj ctiing Iho intimate nature of 
forc(»i of any kind must bo eonsitleied inoioly as epcculalivo 
ainu'Kmients whieh no of no furthci utility than aa thoy iiiuko 
OHi \i tt oKi „ 1 1 1 I 1 t ju (\] iincntal invostiga- 
li n O 
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CilYSTALLO<;ENI(i F()HCI^.f4. 
Ci)Btull[i lion inl Molcc 1i 



" Okvbtai.i.i/.ation is a pcculinr and most admirablo ivoi'k of na- 
tiiro's gconiolry, worthy of Ijcing stiulicd willi iill tlio [Kiwer of 
goniiis, and the whole energy of (lie mind, not on acduniit of Urn 
delight ivlnch always attends tbo kIlo^¥ledgo of wonders, hnt ho- 
causo of its vast iioportaneo in revealing to iis the seerets of na- 
ture ; for lievo slio doea, aa it were, betray herjiolf, mill, laying 
aside all ^tsgtnsc, pernitt^j uh to behold, not merely the rennlta 
of Iier operations, bat the very processes tlionisolvcs." Such is 
the Innwiias^o of an Italian philosopbor, Gnliolniini, and it is tlio 
shildiin |i!culi;iiity of beholding the process of llie formation of 
the ro;;ul^ir t-ooLnotrto figures of crystnla, the gradual accrclioii of 
parliule io particle, tybich induces lis to separate erystnltiiiatioii 
from more nrolcculaF a^regation. Without doubt the forinalion 
of a crystal and the production of an antorphons blcck aro due 
to jWivors which bear a close rosemhlanee in many points; but 
tbey present romarkablo differouees in others. 

T*t us take soma simple case in itiustmtion. In f|niet water 
ite have very finely divided niatfeF snepended, and matter in a 
slate of Kolutioa. The flrst is slowly precipitated, and in pro- 
ee^ of limo eoasiUdales mto a bard mass at tho bottom, pre- 
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fiOMlbg no ^wvticular elsaraelei-, unless it has been pkisiid iit 
|icouIiar [jliysioal eoiuHtioiis ; wUon, as in natuvo, we have a 
regular i)edding wlileh is intorsoeted by lines of kminalion or of 
cleavage, wliioli we are, from osjjoriment, oimblod to refer to the 
inOuenco of current olccirieity. Tho Kecond — tho maltoi' in 
Golution — ifiulso elowly deposited ; but it la ueoumulatcd upon 
nuoloi wliicli jMssess some peculiar disposing jiowcra, and every 
panicle is united by some particular fnce, and au angular figiii'o of 
tlio most perfect cliaractor results. Many pleasing experiments 
would appear to show lliat eleetricKy bns iinieh to do in the 
jmrccsfi of crystalli/.a(ion ; but it is evident tliat it must be wnder 
Bome peculiarly moililicd conditions that this power is exerted, if, 
indeed, it has any direct action. 

Tlio samo subslancoa always crysfal1i/o in the Bsnic forms, 
unless llio conditions of the crystalli/.ing body are altered. It 
lins been supposed that each particle of a crvstallino mass lias 
certain points or poles which possess dofinito properlios, and 
that eolieaion takes piaeo only along linos which have KOme 
relation to the attracting or repelling powers of these poles. Wo 
shall have, ovcntually, to consider results which appear to prove 
that magnolism is universal in its influeneo, and that this i>olnrity 
of the parlicloa of matter may bo referred to it. 

Be the cause of crystallization what it may, it presents to US 
s near approach in inor^nic nature to some of the peculiar func- 
tions of organized creation. In tUo ono, wo have the gradual 
accretion of parts and llio formaiion of members due to peculiar 
powrs of assimilation, each individual preajrving all its distin- 
guishing foaturos; and in the other, wo have a regular ordor of 
cohesion occurring under tho influence of a power which draws 
like (o like, and arranges tho whole into a form of beauty. 

Wo niurt, Isowcvcr, remember that a striking ditterence exists 
between tho prtduotions of tho Biineral and tlto other kingdoms 
of mture. Aniraals and ■vo^tables arrive at maturity by sue- 
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ccsHh'e (l(\o!ftpmi«t!, md mcrcHfco bj (Ik i -hi thti n ! tib 
Stances, haung the ]jowor of piodueinK lliy inc.! H(i|imlinit 
choitiical changes pon sic! i iftei as eoiiiPi with tlio ratigi ot 
their influence, ba6 n eraU a o equally putrcl in tlit i iilip«t 
BtHgcs of tlicir forn al n I t< iso only 1)> tlio ii.i,ic(iin ot 
pavtiolos wi(5iout (lor lergo {, any olinngt 

Tlio aninial and ogetnblo t le ceoso lo contniue tlii> faiietions 
of life : death ensues, and a comjdefo (lisoi-gaiii'/Jidon lokca plneo ; 
but this is not the case in the mineral world : the orystal being 
the result of n constantly noting foieo is not iicccssaiily liable to 
(Icconipositioii. Nora rtlio! CSS, wo find in natui'o tbnt oryslats, 
after arriving at wliat may be regaidcd as, iu aomo Bort, tlioir 
niatuvity, are, owing to a ciiango of tlic ocmdifiona under wliioh 
they were formed, grailunlly dccomijosod. In our minca wo 
find fikclutons of ciy&lals, and wiltiin tlio cavity thus formed, 
otiiont of adlQercnt conslituliott and Hgiiro find nuclei, and tlio 
conditions re^jnired ibr thoir development. Agaiu, to |;ive n 
Btrikiitg inslanco, the felspar crystals of the granitic foriiiations 
are liable to decontposilion in a scmcwliat ])ecediar manner. In 
deeom [losing, these crystals Icavo moulds of tlioir own peoiiliar 
forms, and it not imfreqiionfly hnppows, in the stanniforoiis 
districts of Uornwall, that oxide of tin gradually fills these 
moulds, and wo procure this metallic mineral in the form of tlio 
eardiy one. Again, we have tlie curious inatanoos of bodies 
crjatall!?.ing in a false form under oliango of eiteumatancea. Wo 
find, for oxamplo. Pseudomorphism, hs this peculiar clasa of 
phenomena is named, oeeurrlng by Hte removal of tlio constituent 
atoms of one l»dy, while auother ^ot, which naturally umumes a 
different form, takes thoir plaoe, yet still preserving (he original 
^ia]io. It o^cn happens that copper pynteswiil, in this manner, 
Gshibit the angles of an owlinary variety of crysfallizeil earbonato 
of iron. These curious changes may l>e femiliatiiKd by Kuppes- 
hig a beauUful form of gold, which some skilful meelianic fakeit 
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to pieces. ]>artiole by pailsolo, so skiUfully substituting a giaia 
of brans for ovory ono of gold romovecl, tliitt tho hsa of tho 
precious metal oanisot be detected by itny inero examination of 
its form. 

Crystalline form is not strictly dependent upon tbo dicjiiieal 
natuvoof tlio parts forming tho crystal, 'I'lie maio iwratier of 
atoms, arranged in llie same way, produce tlio same form, Sub- 
Btanoos mucli uiiiiko onoli other will iiKsunio tlio same crystalline 
arrangomoiit. Slagnesia, lime, oxide of eadmiuin, tbo protoxides 
of iroii, iiiekol, and cobalt combined witb Ibo Bnino acid, pvosont 
similarly formed bodies. Those IsoinorpliicC) peculiaritioM ato 
BO coiiiiLion that the discoverer of the plioiioinona, Witsehcrlieb, 
announces OS a taw, "that the chemical elements of which all 
bodies consist arc susceptible of being ckBaifiod in distinct 
groups. " 

Wo also find compounds which Imvo two distinct systems of 
erystnlliMition. TSiis property, Diinor|)hisiu. is very strikingly 
shown in cavbonato of iinio, whiob oeours in rhombohedrons, in 
cale sjiar, and in rhombic prisms in arragoiiito. 

Crystals aro found of tho moal niicroscopio oharaotor, and of 
an exceedingly largo sim. A crystal of quart*! at Milan is three 
feet and a quarter long, and five feot and a half in circuntfcTOneo, 
and its \yeight is 870 pounds. Beryls have been found in Kow 
Hampshire moasaring four foot in length . (**) 

In tho dark recesses of the earth, whore tbo inflnoncea which 
produce organimtion aiid life eoaao to ael, a creative spirit sliU 
pursues its never-onding task of giving forjn to matter. 

The R-ionco of crystal bgony,(^ embracing the theoretical 
iind piuetical qucBtion uf the eausos producing Ihtsto genmoErio 
forms, has in various ways altenqrted to explain tho laws uceoi^- ■ 
ing to whieh molecules arrange tbeiiisolvcs on molecules in fnt- 
feet oi-der, giving rise to a rigidly correct system of arehitocture. 
But it cannot 1)0 said that any theory yet piro|>ounded is suffi- 
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ciciilly cxaet to cinbraoo the wliolo of tfto knowit |iTi<!noniena, 
and lUe quosllons. — WUat is crys (allogenic nUraefinn, m-X what 
is the pisj-wica! mtm-c of ttio ukimnto particles of nmlter, — aro 
HtiUo[)8n foriho inquiries of thatgeiuns whicli ilcliglils in ivrost- 
iiisg with tbo secreta of nature. 

The {frcat E|Mcnviis speculated on tlio "plastic nature " of 
atoms, and ntlrlbuted to this nalure Iho power llicy jiossoss of 
arian«ing tlieni.'clves into syinincfvio finins. Slodoin pliilos- 
opliors satisfy tlioniselves with iittvaction, and, reasoniii;; from 
analogy, iinagiiio tbat caoli aloin lias ii jiolni' syalom, 

Kleotrioily, and light, and licat, oxcrt reniarl-able powers, and 
1m.Hi accelcralo and retard cryslallijiafton ; and wo liiiv(! recently 
ohlained evidence wliicli appears to prove that some form of iimg- 
iielisiii liasaii aelivo inlluenco in dotcrmining the natural forms of 
crysfalK. MIccliiuity appears to quicken tl»e process of orystallino 
''^;!i'"S-''tio'i — 'ouolloct more readily togc 111 or those atoms wliicli 
seek to cofnhine — to bring them all (vif bin ilie limits of tliut infhb 
onoo by which their symmetrical forTus are determined ; Hnd strong 
ovidenee is wow afforded, in support of tlie theory of niagnotio 
polarity, by the refined investigntiona of I'Vadny and Plilckor, 
which prove that nta^oiism has a ilireeliivj influence iipoii crys- 
talline bodies ill direct dependenco upon tho cryslallino or optio, 
axes of tbo body («) 

It ha^ l)i.en found that ciistds (f sniph.fool iion -lowlj 
foimrngfromaMihitiun tthiUi hw ln,on phnd withm th. laiigo 
of [wworful nngfioiic foieo dispone fhomseI\LS along coil uii mig 
iieliocuneij, whereas tlia Arboi \)\mn\ oi mKoi licf ftirmin - 
ymkr thi s-MUO eirLUmstinecs tal ti i po itnii k n' t i, ,t 
'ingle'4 to iheaa eu!\M Gortain groui>s of !j ' i 

fiiund u! imtuFi. which ippeir to slio« by ib i 
ton sliul miEjnth'm Iit, Ih-cu m luc m pindu im ml jt , i, uii 
ena th. j exhibit (") 
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During rajHil cryBfalliKition, ssnio saSts--— as Elic sulphate of 
soda, horacic acid, ami ftvsenioMK acid ery&lalliwng in muviatii! an'ul 
— exiiibit tlecided indieaiions of eicetrical excitement. Iii{;lit is 
given out ill flasJics, and wo have eviilence that eryslals exlitbit » 
tDinleiiey to tnovo towards the liglit. Pi-«frMoi- I'Hiokei' has 
asOCTtuinpd Hint ueitain uij'sfnls — in |)nvtii;ular tlio eyanito — 
" point veiy well io tlio novlli, by llio iiingiiotic jiowor of ilia 
en rill only. Iti»>aliuc conqi.i^^ nrcillu ; and, moro tlmn lltnt, 
yOH may obtain itsdcclinalioti." Wo must toinoiiibor that tins 
orystal, llio eyanito, is a cnniiio\in<l of silioa and nlumiiiii otily- 
'i'liifl is the amount of exporimcntiil cvideiico wliieli science lias 
BifiiKlcd ill oxplaiiatioii of tbo coiidilions uiidei' ivhicb riatuvo pur- 
sues her ivondrous work of ciyslal fornialioii. "H'e sou jiist sulli- 
cieiil of the Ojici'ation to bo convinced tliat tbc liiininoiia star 
wbieli sliineH in llio brightness of lien vcn, niicl tho caveni-scerclcd 
gem, avo equally tho resnit of forces wlileti are known to uh in 
only a few of tJieir mod ificat ions. 

I'lvory substaneo, wlicu [)laccd under circnmslatiocs wliich 
allosv of llio free niovcnient of ila nioleeulea, has a tendcney to 
cryslalliKD. All tho melals may, by elowly cooling from tlio 
molting sfoto, bo exbibitcd witb a crystalline alrnctuvo. Of llio 
inotallio and earthy minerals, nature furnishes tia witli an almi^t 
infinite variety of crystals, and by a re<lHction of Icinpcratnre, yet 
more sinijilo bodies assume t!io most symnictric forms. Wiitur, 
in tho conditions of leo and snow, is a familiar and beautiful ex- 
aniplo ; nnil, by such cxti-onio degrees of cold as are nitificially 
produced, many of tlio gases exhibit a toiidcney to a crystallino 
condition. 

May not the solid elementary atoms 1)0 siiscoplible of eliango 
of form under different infflueneea ? May not the different sfittt^ 
under which the same bodies are found— -as, for osaniple, silica, 
enrbon, and iron — bo due cniircly to a thango iu the fuini of 
tbo piimitivu aiem ? 
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A()r)iitting the probability of llils, wa tltett ojtsily boo tliat 
tlio central moleciilG, formed of nn aggrcgaticm of kucIi atiims, 
tiniting l)y psFticulai- faces, would present ft dotemiitiatti form ; 
and that tlio i-osnUing crystal, a mass of sucli inoloealcs, wliKring 
flcoording to a given law, at ceiiaiM angles, would proficnt such 
guoniDtrio figures as wo find in nature, or [)tcKhiee in our lab<ira- 
[onoM, wlion wo avail ourselves of proGCBsoH wliioli naturo has 
taiiglit UN. 

Tf we taka a particle of innrblo, and place it iu » large i:|uantity 
of water acidulated witli sulpliuvie acid, it dissolves, and a now 
coin|>o<n)d results. Tlio marblo disappears — tlio eye caniurt 
detect it by form or colour : tho acid also lias been disguised — 
the taste discovers notliing sour in tlic flnid. We liavo, in coin- 
binatioii with llie water, the lime and Bul|)huiic acid ; hxit tlitit 
condiiiiatiou apiiears to llio oyo in no respect dittbrent fiuiu the 
water itself \t is colonrlcss and perfectly transiiiu'cnt, although 
it holds a niasa of fiolid matter wliioh previously would not allow 
of the paasago of a ray of light. Let us expos) this fluid (o such 
circumstances that tho water will slowly avaporalo, aTid wo shall 
iind fovmiBg in it, aSier a time, microscopic particleR of solid, 
light-fofVaeling niallor. These |)arlio1cs gradually inBieaGO in am, 
and wo may wnteh their growth initil eventually wo liavo a Byin- 
mctrio figure, beautifully shaped, the pnmniy foim of wliieli is 
a right rhomboidnl prism. Thus in nature, by the ai lion, in nil 
jn'obability, of vegetable matter on the sulphatos hold in ^lution 
by tho water of tho great rivers and tlio ocean — aided by our 
oxidising atraosphero ^ — snlphnrio acid is fototed to do its work 
upon the liniostonc formations, and from this combinnlion «-onld 
result tie well-kuown gyjssum, or plaster of Paris, which orilina- 
rily exists as an amorphous mi^, but is o^on found in a crystal- 
lino form. {*^) 

ThbiB a very j)crfect illuslratiun of tiie wonderful procej^VfB 
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have beon coiisWciing, nnd in which, Kimple Ihoiigli it a|)|)eavs to 
bo, wo biive ant fo vfork a livge pTOj)cntion of the known physii^al 
elemenls of tho universe. Jiy Ktiidying aright the result which 
wo have it in <mr power to obtain in a watch-glnsB, we may ail" 
Yflnee our knowledge of gigantic phenonieiia, which are now pro- 
gressing at the bottom of tho ocean, or of the wondrous Bgcncios 
which arc in operation, prodncing light-rcfracling gems within llio 
Eccret recesses of the loeliy cniit of our j'loho. 
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1 !1 t— lit til* t «o B \ I 11 nt 

— .NaluraUliciiomeHa. 

We roceivo heat from (ho sun, aiKOoiafCfl wifti light ; imil bo have 
tlio power of ilovolojiing llils linporfnnt [lvrln^i]ltp in iiiivtiy 'vnjf, 
from nearly every kiiul of iimttor. Our eonviclions aiii, tbat llio 
calorific oleitiont, wliotbcr devivcil fioin a solnr or tor rust rial ndiivce, 
presents no c^scniial (lifTiu'ciicc iti its pliy^tcal oliiiracter^ ; but m 
there are some remarkable peeutiaritics in the pi ic no men a, «s tlioy 
ariso from cithor ono or tlto other tiotirco, il will nsuKt our ooinpru- 
hensioii of this gronl prineiplo, if wo eotisidtirit iiiidef tbn two 
l»^a.lM. 

Untuf 1 I 1 1 Ul 111 ill the warmtli mi 

light of I II rsa {^ I 1 and bows his miil in 

prayer, t iho | 1 1 f Ji II I gnoranee hu regards 
asthog' liiP t flf Th ph losoplicr finds life and 

ovgaiiiz-at d pc I t pt tl po rs inb'med in the Knit- 
Iwam ; c 1 X *^ 1 ' *" '^ is womJorfiil band of 

forces, t s -o tt|K,ll d i kn 1 d^ th I the flame upau tlio 



h, Google 



Oil 



altar iw, indeed » ilini sliaibw of tlio iiifniito wi^ilojti ivhicli rsbklos 
beliinil tlic veil. 

The present condition of our earlh is rfitectly depondoiil itpoii 
Hie aniouHt of lioat wo nsceiFe from tho sun. If it wcro jiossilik 
to move tiiis planet bo much nenrer that orlj, that Iho ([uaiility of 
liciit woiil<l lio much increased, llio cirouiiislanco of lito would 
necessarily tin- so far changed, that nearly nil tho proacnt races of 
animals must perish ; tind tho same result would ha|>|H>n from any 
alteration which throw us yet farthov fioin our central luiniinuy, 
when, owing to the cxtroniily of cold and tho wretclicdnesa of 
gloom, all living creatures would e(|ually fail to snjiporl theii- 
organ ixali oil H. 

All things are adapted to tlio ciTOuni stance a of tlio position of 
the earth in relation to tbo suti, to wliicli, as we liavo sliown, wo 
are hound by (ho pviiiciplo of gravitation ; and in our oxaminnfion 
it will bo found tliat niio common system of liarniony tuns ihrougli 
all thoeosmical phenomena, by whieh everything is produced that 
is BO beautiful and joyous in this world. 

Heat and the oilier elomoniary radiant principles, nvo often 
conihincd as tho eonnnon eause of odbets ovidont to ouv senses. 
Tiic ivariiitli of tlio sokv raya and tlicir luminous infliicnoo, are 
not, howoi'cr, coranionly osaieiatod in tbo mind as tho results of 
a single eause. It is only when we como to exaniine tho physical 
plwiioniona conncctod ivilli these radiations that wo discover the 
comploxity of the inquiry. Yet it is out of ihcso very subtle 
resoarchos that wo draw Iho most reflncd truths, 'i'ho high infei-- 
encos to which iho anaiysisof iho subtile agonciosof creation leads 
us, render seienee, jsursued in the spirit of li'utli, a great syxium 
of religious instraction. 

Although WD do not fear that heat and light can he oonfonnded 
in the nsindl, so different ave iheir phenomena, yet it is iniiiorlant 
to show how far these two principles have been separated from 
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each other. Transparent bodies havo very various pomrs at 
caloriHc Iransparoney, or Iraiiscalescenco i mma oljstrueiing tho 
heat of bodies at vei-y high tenipointurea, almost outitcly in tho 
thiiuiGst In^TS ; whilst otliors wiil allow oven tho heat of tlio hand 
to pass through a thickness of soveral irtchcM. Ltqind chlotiilo of 
Bulphm', which is of n tleopred colour, will allow flS out of 100 
rnjs of hoat to pass, atut a solution of catmiua in ammonia, or 
a glass stained with oxide of gold, rather a gveatcriiumher ; yet 
those transparent media obstruct n largo (|UHntity of light. Uoloiir- 
loss media obstructing soareely any light, will, on tho contrary, 
provoiit tho passage of calorific rays. Out of every lunidrcd rays, 
oil of turpentine will only transmit 31, Rulpliuiio other '21, 
Hulphuvioacid 17, and distilled water only 11. I'livc flint glass, 
however, is jwrnioaled by 67 per cent, of tho lliormio rays, and 
crown glass by '19 per cent. Tho most perfect diatlierniic body is 
dinphanoiis siiU-vock, which transmits 92, while alum, c<iUHlly 
translucent, admits tlio passage of only 12 por cont-C) 

Black Uiica, obsidian, and black glass, aro nearly opaquo to 
light, but they allow 90 per cent, of radiant heat to pass tlimugh 
thein. Whereas a pale green glass, coloured by oxide of copper, 
(*') covered witli a layer of water, or a very thin plalo of ainm, 
will, altbou^ perfectly transpureiit to light, almost entirely 
olraCruct tho poFineation of hoat rays. 

Wo thns fltrivo at tho fact that hoat and light may bo sepa- 
rated from each oilier ; and if wo exainiiio tho rays of tho sun 
by tliat analysis which tho prism gives us. wo shall (iud that 
there is no cotrospondeneo botwoan iiitonso light and ardent 
heat. By oxperiniont it has bean shown, that where wc liavo in 
the prisniatio spoetnini tho nwst light, as in tlie yellow ray, wa 
have only a tempaviUuro of 62' ¥. ; but below the rod ray, o>it 
of the point of visible ligiit, tho tcrapcrittiivo is found to be 7!*", 
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wliilo lit the oilier diiii, iu llie blue my, it h 50". yiul at tiio Oiwl 
of HiG viobt lay no thermie action can ho <lclcctcd.(*^) 

Troiii the ciicuiiiBlaBce titat ns * l bj aitifitial iiteans, raise 
t!i t I I no f inj bodj inA jn j'luro intense heat, so wo 
1 tLBlation ot Isglit iiflcF a cevlaut po'ml has 

I Ins been coiiciiidctl, BOiiiOwlmt IwHtilj, that 

1 1 im each otliei oiil;^ in Uio rapidity of llio 

umlul iliuiia ut ii 1 1 J I otholml ctlici 

It must lie admitted tliat tin, imtlieniafital demon si ra I ions of 
many of llio pliononicn i of caloi ifii, loul lunnuou'i power, lue Kiif- 
ficiently slukmg to i.0H\nn.t. ut, lint a wn^e movement is com- 
moii (0 botli licat and li„lit iliL tindiilatory tlienry, liowcver. 
rcqiiiies tbo idmission of so niniij jncmiscH of ivbich we bavo no 
pioof, its postulates aio in<lce<l lu many eases so graluitouB, 
that iiolwilbslanding the array of talent which atands foruard in 
it's suppoit, wf isuit not &\\o\\ oui-iLlMs (o !)e doeeivod by Ihe 
deductions of its advocates, or da^nled by the brilliancy "f their 
dispIii-yK of learning. 

Kadiuiit bnat appears to move in waves ; but that cilorifie ac- 
tion is, established by any system of undulation, is a deduction 
without a proof ; and iiie tiicvnsie phenomena of matter are more 
easily explained by the hypothesis of a difl'uMve subtile fluid. 

Wc have not, however, to prove the corrcotnos^ of either of 
llio opjiosing views; indeed, it h aclinowledged that many jihe- 
nomena require for their explanation conditions whieb are not 
indicated by oitUcr theory. 

ilio earth reeoivea its heat from the sun ; a jiortiun of it h 
condueteil from particle to jmtiele into the interior of tho reeky 
erust. Anolber portkm produces warmth in the atmosphere 
around ys by eonveclion, or the eirciilttfion of puitiules : tbiB^o 
vsarincd by contact with the surface bcemning lighter, and as- 
cending to give place to tbo colder and heavier ones, A tbiril 
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povtioii is inaialcd off into space, acconling to laws which have 
not l>eon sufficiently invesiigatc.i, hut whii-h iire tkiion.lont upon 
tlio poiour, ehomips! compofiitioij, mid mecbaniciil slnnsturo of tlio 
surfaeo. 

l''ow tilings witliin tho raiigo of our iiii|uii-y arc more Htrilting 
tiinii Itio plienomoiia of cnbrifie nidiafioii nnd absorption. Tlioy 
(liB|(ky so porfeclly tlio moat tcfinca Kysfcm of odor, niul ox- 
hibit so Rtrikingly llio admivable adaplafioii of every formation 
to its particular conditions, and for its part in tlio great economy 
of being, tbat fhoy claim most strongly tbo study of all wlio 
would seek lo discover a I'oolry in tfio inforenees of soicnco. 

Owing to Iho naliiro of our atmosplicro, wo nro protected fmm 
the inllueoeo of tlio full flood of solar lieat. Tlio absorption of 
calorie by (lio air has been calculated at about ono-fifth of tho 
wliolo ill (Hissing liirougli a column of 6,000 foot, This csti- 
niato is, of courso, mado near (lie earth's suifaco; but we avo 
enabled, knowing the Increasing rarity of tho upper regions of 
our gaseous envelope in which tlio absorption is coiiKtantly di- 
minishing, to prove, (hat about one-third of tho Bolar heat is lost 
by vortiool transinifision through tho whole extent of our atnio- 
sphere. (") 

Experience has proved that tho eondiiions of the snii's rays 
aro not always tho same; and there aro few persons who bavo 
not ofeorvcd tbat a niore than usual scorehing iiifluenco pnivaila 
undop Bonie atmosphevio circumstances. This is also ovidencod 
in tho effeefa piwiuecd on tho foliago of trees, which, though 
often attributed to eleotrjcity. is ovidontiy duo to heat. An cx- 
aminalion of tho solar radiations, as oxhibiiod in the prianalio 
spectrum, has preved the csisleneo of a ckss of heat rays, whieh 
manifest iheinsolvoa by a very poeitliar deosldtning power quits 
indeiwndent of their CHlorifio ptoporlies. (*«) Wo are |.rolce(ed 
from tho sovoro eOoels of thoBO rays by tho ordinary sfstte of tho 
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medium l!irou,^1i which the fohv iicat passes. Our ali.i<.-[.li.-io 
ia a mixture of gasos aiut nqneoHs viiijuur; and it lias liyeii 
found, m already siatcd, that even a thin film of wnter, however 
traiiBjrarent, jirovents tho passago of nmny calorlBo rodiutiuiis, 
and fho rays retarded ato, for tho most part, of (hat class wliieli 
liRVO this peculiar scorching power. The nir is, in this way, the 
groat CfnialiKor of the solar heat, rendering the earth agrecahlo 
t« ull aiiiiiiiils, who, but for this peculiar absorljoiit inodiuin, 
would endure, in our toniporafo cHnio, the huriiiiig rays of a 
more than African sun. 

Tiio surface of tho earth during tho sunshine — and, tn a less 
degree, oven when the sun is obscured by clouds — is constantly 
receiving heat; but the rate of its ahsorpliou varies. Itoiijainiii 
Franklin showed, by a sot of simple but most eonclusivc oxperi- 
ments, that a iiieoe of black eloth was lieatcd much sooner than 
oloth of a lishter colourjC^'^) and wo know, from obsorvationH of 
n similar cIb^, that the bare brown soil recoives heat nioro read- 
ily than tho Wight green grassy carpet of tho earth. tlonsG- 
queiitly, during the sriiitcr season, relatively to tho quantify 
poured from its source, heat moro easily panct rales the usic^.y- 
orod soil, than during tho spring or snmmoi'. 

Tlioro is a constant tendency to an eijoilibrium ; and, during 
tho night, tho surface is robbed of more heat by the colder air 
than by day ; and oven in these proeosses of conveelion and 
radiation, a similar law prevails to that which is discovered iw 
oxandning into the rate of calorifio absorption. 

Kvery tree spreading its green lenves to the sunshine, or ex- 
posing its brown branches to the air— every flower which lends its 
beauty to tho eattli — |s^g^ds different atjsoibing and radialing 
powers. Tho ehaliee-Hko cup of tho pure white lily floaliiig m 
the lake— tho vai-kgated lultp~the brilliant aneniouy — the 
dolieate ros« — and tho iotoasely coloured peony or dalilia — have 
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each powers peculiar to tbeuiselYUS for tlrinldiif; iti llic waniihia lifc- 
Kti'eain of the sun, and for radiating it back agiiiit to tlio thiri^ling 
fltm(>sj)!iere. These nro no eoncciis of u suieiivillc diewmcr; tlicy 
aro tlie Iraths of dircot induction ; and, by esperiiiicnfs of a 
Riinplo eliaraelcr, tliey may bo pnE io it fi>airfitiig U'st.(^) 

A tbei'momotHc oxaniUialioii of tbc vnrions coloured leaves of 
floworM will rcarlily GftatjU»b tbo eoircetneRs of (be one ; and by 
a discovery of leceiit date, conncclod witb ealoriiic radiation, 
wliicb must bo particularly described proEOiitly, we can, witli 
equal case and certainly, teat tbe truth of Iho ot.her.(") 

It follows, as a natmal consctiuoncc of llie powtioii of the sun, 
as it I'Ofjarda any particular spot on tbc eartb at a given Inno, 
tliot tbo amount of beat is constantly varying during tlio year. 
a'liis vaiialion logulntes tbo hcasons. But an anulysU of tbo 
epeeliuni shows us tliat tlioro arc home cbangos ixsgulaily tailing 
place in the stale of the solar beam, \\hiob cannot bo referred to 
tbo inero alteration of position. Tt may be infeiied, fioin facts 
aOunled by long-continHcd okmrvations, that tlio tbioo clastes of 
phenomena which wo defect in the sun's lays am cont-taiitty 
cban'iin^ their lelatiio piopoifion's. In i-piinj', the ebcniical 
aifeiicy picvaiis; in sumyncr, tbc l'iinin..Hs ])iim'ipli> i-i tho moKt 
poiiL'ifii) ; and in the antHiiin, the caloiiiii: fou'es aro in a»tati'of 
the greatest activity. (*■■') The tiii|iOrlanfo of tliCKe variations, 
to tbo great econoiny of vegetable Hfo, will ho shown when wo 
come to exanHno tho phenomena conneofcd with organiimliow. 

A rematkahle change takes plaeo in tlio character of beat in 
Mug radiated fiwin nmterial sabstances. In nature, wo often 
FOB this fmi cuiionsly illustrated, Bnow which Jtiss near tho 
trunks of ti-ees or wooden poles, ftielfs muob (juicker than that 
wbieli is at a distanee from tbont, — tho liquefaction commencing 
on tho side facing the sun, and gradually extending. Wo wo, 
tborofonj, that tho direct rays of solar heat produce le^ cii'cct 
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upon tlic snow Uuiii tlioso ivliich aro radiateil (torn colotireil shv- 
hms. By unmeious expciimonts, ii has been Kliown thut tiiam 
meomXaty radktiona nra inoi^ abundiiutly absorbed by Rtiow or 
wlutc botlios Ihnn Ihe direst solar rays tltcinKclveH. Here in ono of 
tlio many vci'y curious ovictoneos, wbicli science litys open lo us, 
of tlio iiitiniato connection botireon fiie mosl ctliercal and tlio 
grOKsor forms of matter. Iloat, by foucbiiig (ho cnrtli, beoomoa 
inoi'o cartli-Iiko. Tlio subtilo principio nliicli, like tlio spirit of 
fiuiierslition, has tho power of j)as8ing, tmfclt, Ibroiigb (bo orystal 
mass, is robljcd of ita miglit by embracing tho things of earth ; 
and olthongh it still retains (lio evidences of ila refined origin, 1(3 
movonionts aro shaokled as by a clog of clay, and its wings are 
heavy with tbo dust of this rolling ball. It has, however, ac- 
quired now pvoportios, wliicli fit it for tho re(iuireiiicnts of crea- 
tion, and by which its groat tasks iiro facilitated, iVIattor and 
heat unite in a coinnion bond, and, banuonioiisly puraning tho 
necessities of Konio iniiversal law, tho result is ibo oxtonsioii of 
beautiful forms in every kiitgdons of nature. 

An easy experiment plonstngly illustrates this renwrkahto 
change. If a blackened card is placed upon snow or ico in tho 
sunshine, tho frozen mass underneath it will ho gradually tbawod, 
while that by which it is sniTounded, although exposed to tho 
full power of solar heat, is but little dislurbed. If, however, ivo 
roDcct the snn's rays from a mcfal surface, an exactly contrary 
result takes pinco ; tho uneovored parts aro tho Brat to melt, and 
tho blackened card stands high abovo tbo surrounding portion. 

Tho evidoncK! of acioneo all Indicate the sun as tho iiOurHO, 
not only of that heit which wo rectno dimtly tlnou'h ou\ 
nlmM|)l»ero, bat even of tJiat »hnli hat been stored h\ uni 
planet, and which wo can, by sD\eril niefhoiN, dtvilopo \Sp 
havo not to inquire if the earth wa'^ oser nt niton tly hi aid 
E[!heve ; -— this eonterns not our quoiiioii, a^ we -.honM, mn 
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were tbis admitted, aliil tn\e to s[ii,(«!iil( on (Im ui\ m [In 
pimiiivc source of iliis Qihuc 

Hcfore, Iwwcver, wo [>roco«1 to the cxainin i!ioii of tlip jtht iioin 
cna of terresirial heat, a ftw oi (ho "leit rculhot tin htts of 
radiation and eonveeiion chini ohf ntfcittion 

iS'oarly nil the lient wliiob llio riiu \)ovnn upon t\u> ocean in 
CHi|)loye<l ill eoiiverting ils water into vapour at Hio very siirfaeo, 
or is radi:ileil hack from it, to ])i;vfi)vin llio imiiortant ollic(! of 
livoducitii; those disturbing inthiciiees lu tho aliiiospliere, ivliioh 
are CKSiinlial to tlio pi'osci-s-alion of (ho htahhfiil condition of tho 
great aiirial envelope In which we live. 

Currents of nir are generally duo to tho unequal degree in 
ivliipli the afntOKptiero is warnied, Heat, liy oxpanding, ineroasus 
tho cliislii-ily, and lessens tlio density, of a given niaBS. Oonac- 
(jin^ntiy, tlii' ah heated by the bigli tcniperatiive of the tropies, 
a-i;nids chaigod with nqueous vajKuirs, whilst the cdlderair of 
tho tomperato and tito frigid koiips flows towards tho c(iiiat<ii' to 
supply il3 place. These groat eurroiifs of Hie atmoB[ihero are, 
indopondenl of the nsinor disturbanoon pi'odncod liy local eitwuos, 
in constant flos?, and by them a imiforjuily uf temperature h 
produced, witicli could not in any other way be aceoin|>liKhed. 
By these eurrents, too, tho equalization of tho constiluonis of 
tho " brtMith of lifo " la effected, and the purer oxygon of tbo 
" land of tUo sunny South " is diffused in healthful gales over 
tho colder climes of tho Nortli. 'i1io watcj's, too, evaporated 
from the groat central Allantia ocean, or the far Pacnfio, arc thus 
carried over the side-spread continents, and poured in fiirtili/Jng 
sliOiverri upiin distant lands. 

Hoiv n!^i';ni(icent asa the operations of nature ! The air is 
nut liuscH wrtvined by tbo radiafioos of caloric passitij; rriiiu the 
(fusi I" Ibe earth ; but the surfaci! soil is heated by its jsower of 
absorbing these rays. The temiMrature of the air next the earth 
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in riiiKL'd, anil wo flms !ia\'8 the civcuktiuii (tf those liono(ieinl 
ciHTontM w!iii;li ave so i-emavkiibly vegulat m ifm l.aOe win*!!!. 
A shniki- eiveuklion, quiie independuiiE of ilio onliitiivy tidal 
iiio\i!ii)ci)C, takes place also in tlie cnvtli-girdling ocean. 'I'lio 
WJiter, warmed by convection froui tlio hot siiifuce of the tropical 
kii(i!<, sols ftcvoss tlio Allai!lic, front fiio coast of Afri(!a to tho 
(julf of Mexico ; it is then carried to tho shores of Ncivfound- 
iaiid, niid iioHhn-ar<l3 to tho pole. Ileru wo huvo two iiiiuietiKU 
inllaeiicuN ])rcidueed by ono agency, rendering those parts of iho 
cartli luihilal)lo nnil fcrlilo, ivhicli but for IliCKO gi-cnt results 
would sorrow in the cheerless aspect of an eternal winter. 

'I.'lio beautiful phcnonicna of tho forniiidon of (low is al^o 
ilisliiiclly coiiiiooted with tho peculiar properties which ivo havo 
liien stiidyiiig. '^Vhon from the Snight. blue vault of heaven, iho 
sjurkliii;; eonslellalions shower their mild light over llio earth, 
Iho (Immlis of the garden and tho leaves of the forest bcconio 
iiiiiisi \iidi ii lluid of tho most trnnslucid nittnro. Well might tho 
;iiicli>iu-> iiiiiifiiuQ that tho dews were actually shed from Ihcfifarsj 
iMid Ihi; nh'hemiHts and physicians of tho Middlu Ages eoneeivo 
tliiU ihh pure dislillsilion of the night jjosseraed iiublile and pen- 
flraiii![; power.-! Ij.'yond most other things; and the ladies of 
those olden times endeavour to prc-^crve tlieir charjns in tho pev- 
feetioji of their youthful beauty through the iniluciiees of washes 
proewred from so [jure a soHrce.(''^) 

Seieneo lias reinoved the veil of mystery with which snpcrefi- 
t ion bad invtKled tbo formation of ilcw; and in showing tana 
that it is a eondensalion of vapour upon bodies according to a fi.ted 
law of radiation, li lias also dovelo|jed so many renoarkable faefs 
(ionneotwl with the chamaters of luofevi.tl creations, that a much 
higher order of poetry is opened to ilio inintl than that wlikh, 
Ibougli beautiful, sprang merely from the imagsnation- 

Upon the radktton of heat depends tlio formation of dow, (iiisl 
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iioiiicM iiiHsl liccODio colilor than the afmospliorc hefoiR it mW ha 
tlepnsUeil upon then!. Diflbrcnt aubstanoea, imlepeiKlont of 
colour, have tlie property of projecting boat from ilieir surfaeos 
witli difforent dogreos of forco, Eougb and porous siirfaiMis radi- 
ate lient mow rapiiUy tlinn smoofli ones, and avo consequently 
lediiued in tomporalxiro ; and, if eKinEcd, Cflvorod with dow 
RODiiov tli.in smooth nnd dense bodies are. 'I'lio grasn jiartui'ro 
glistens witli (low, ffliilst tho hard and Btony walk is unmois* 
toned. (") 

dolourless glass is very rendily snftiiacd ivitli dampness, l)ut 
polished metals are not so, oven when dews are heavily con- 
densed on other bodies. To coinpreheiul fnlly tlio phenomena 
of llie formation of dew, wo must remember that tho entire sur- 
fado of the eartli is eonslantly radiating heat into spnco ; and lliat, 
as by night no ahsorplion of calorie is falting place, it naturally 
cools. (**) As tho sulistonecs spread over the earth beconio colder 
Iban the air, they acquire tho power of condensing tho vapour 
with which tho atniospbovo is always charged. The bodies which 
cover this globe aro very difterontly eonstitutocl ; they posaosa 
difflimilar radiating [>owers, and consequently present, when 
examined by delicate thermometers, varying degrees of toni|)or- 
aturc. By tho researches of Dr. Wella.C") which may be 
nddocutl as an example of tho best class of induclivc experiments, 
wo learn that the following dilVevcncos in sensible heat wevo 
observed atsovon o'eloek in the evening : — 

'I'lie tl; foar feet nbovc Hie grsss .... ^5 

Wool on B raiscii board ...... ^ih 

SwandowB ob Oitto ...... «a 

The BHtfaee of tUo laiactl bonril . . . . t>7 

Grass i>lat .,..,••"> 

Dew is mo3t abundantly deposlied on clear, ealm nights, 
during which tho radiation from the auvfaeo of tho earth is uw- 
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intomnjleil. 'I'lio iiiercased Rold of suuh nights over tlioso 
obseovcil by elouils is woli known. Tho eloiids, it lias Ijcen 
proved, net in Iho Earao way as tho ai^rcGns iiacil by gacdcnurs to 
yvotcet their young plants from tbo frosts of tlio early Kpving, 
vfliioh obslnict tUe ladiation, and, in nil ptobabiltty, roHoct » 
small quantity of hoat back to tho carlii. 

It in not iniprobahlo that (ho observed iiicrenso in grass cropK, 
when they have been strewn mth briiiichoa of ti-eos or any slight 
shades, may be duo to a similar cause. (*') 

Tliero nro many remarkable results dopondcul entirely on the 
colours of bodies, wbieh are not explicable upon tbo idea of dif- 
fcronco in mechanical ari'augcmont. Wo know lliat dillcront 
colours are reguiated by tbo powers which strnctnrcs have of 
absorbing and roHecting light ; eeii.sc(|Uontly ,a blue surface iiiust 
have a difforenl order of inoleeukr arrangement fi'om a red one. 
link there arc some phyticnl peculiarities which also tnlliienco 
ealorilie radiation, quite independently of this surface condition. 
If wo lake pieces of red, black, green, and yellow glass, and 
C3i]m30 thorn when the dew is condensing, wo shall find that 
moisture will show itself first on tho yellow, then on tho green 
glass, but that none will appear on either the black or red glasses. 
Tho sama thing takes i)lacG if wo csposo coloured fluids in white 
glass bottles or troughs, in which caso tho sorfiiecs avo nil alike. 
If against a sheet of glass, upon which moisture has been slightly 
froKOTi, we place similarly eolonrcd glasses to those already 
described, it will be found that the earliest heat-rays will so warm 
tlio red and the hlaok glasses, (hat the ieo will be melted oppteito 
fo them, long before any change will bo soon upon the fro/^n 
Wliu covert by tlie other colours. 

'i'kn order in wliicb hoat permeates coloured media, it has 
already been shown, very nearly ngEoes with their powers of ra- 
diation. 
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'I'hose most eiuious vosuUs Itavc angagiiil tliu iiUaiitmii ut 
MoUoiii, lo fflwso investigaliows wo Otro m inodi ; mid kotii the 
peeuliiit ordoi' of radialions, wliich present [jhoncmiijim of an 
aiinlogmiH oharaetor to those of tho colotirod rays of l%lit, oli- 
taincd hy him itom dissimilarly eoloureil Ivoiliaa, he IiiiM been fel 
to iniagino the existenco of a " heat- colon nil Ion." Tiuit ia — tho 
hoatrrnya aro SKitposcd to [hxisgss |)roixn'liiiB like htiiiiiiniiH ra>Iour, 
altlioiigh invisiblo ; and, eonsoiiucitHy, thiit a blue attrfiico has n 
strong nfliiiity foi' the lilue hoat-r.iys, a rcil suvfaco fop thn rod 
ones, and ko on tliroitgh tho scaln. 'I'ho iii»oiiiiity of thla hy- 
]iollicsis hns procured it in«c)i attenlioii, ami it is vnliinhlo as oiin 
of (lio aid:! to (he discovery of tlwsu tnillia whieh Boieneo so 
cnrtioslly fci'li^ tn reveal. (**) 

Oau anylldng ho iikivo eiiVnilalcd to impres*i the niiiid \»ifh the 
eoiiscioiisness of the liigh pjfention of nntunil phenotiieon, llian 
tho tact, that liie colom- of a i>ody should [wwci-fiilly inflneneo 
tiio transmission of a principle wliieli is ditFiiscd through all na- 
ture, and also determine the rnto with wliieli it is (o psim oft' from 
its surliice. Somo recent ex peril tienta have brongbt us aequaintcil 
with olhoi- facta eonnocted witli these heat-radiations, and tho 
|iower of caloric, n:* iuduoncod hy tho colourific I'.ijs, to |H'odiico 
molecular changes in bodies, which hoar most iniportaiitly on oiir 
mibjeet. 

If wo throw upon a plate of polished tuefal a ptistnatio spo«- 
trnm (deprived, as licorly as jwssihlo, of its chemical power, hy 
being passed tbrough a deep yellow solution — which posscssoa 
this proprty in n very remarkable manner, aa will he cspkiMed 
when wo eoiiio to tho examination of the ehemteal aetion of the 
sun's rays) — it will bu fonnd, if wo afterwards es[»Ke the plalo 
to tlio aelion of va|>ouF, very slowly raised from niereury, 
that tho space occupied by the red rays, and those which Ho 
lyithout tliO speotruiH below it, will condense the vapour thieltly. 
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wbUe tlio portion correfi[)oti(ltng with the other rays will be left 
untouulnHl. This aflbids us evidence of (lio power of soloi' heat 
to jiroduee very ««Mlily a ehango in tltc inolceulBi' striieturo of 
eotid bodies. If wo allow the suii'a raya to [)ermeato coloured 
glasses, and then fall uj>on a jKilished iiictaUic siirfaeo, the rem% 
on exposing the plilo to v(ipoyi:!ntiou, will ho simitar to that just 
descriljcd. TJmlor yellow and gweii glasses no vapour will ho 
condensed ; liut ou tlie spaco on whiuh the rays pormeatitig a red 
glass, or oven a hiacltciiod one, fall, ii very copious dopoBit of 
vapour wiU mark with disti net newt the spaces those ghiKses cov- 
ered. More rciiiarltahlo still, if these or any other coloure<l 
bodies aro placed in a box, and a polished metal plale iu suspend- 
ed a few lines above them, the whole lioing kept fn pafnct 
Wariness for a few hours, precisely the same effect takes (ilaec aa 
when the arrangement is exposed to (ho full rays of the s>in. 
Here wc have evidence of the radiating heatof bodies, prodiieiiig 
oven in darknoss the same plienomeiia as tlio trnasmitlal heat- 
raya of the sun. Wo must, however, return to the oxamiiiHlion 
of Bomo of these and other analogous infliieneoa under the head 
of nclino-ehemisfry. 

From IheKU euriows discoveiies of inductive I'eseareh, wo Icom 
»3t}iohigh truths. Associated with light — obeying many of tho 
game laws — moving in a similar maimer — wo receive a jiowisr 
which is OBSonlial to the constitution of onr plauot. This (SOwer 
is often manifesled in mcAi intimato comWnalion with tlio luntiimus 
principle of the solar rays, that it has been mispeefed to bo Imt 
anotlser form of t!«j sa«!0 agency. While, however, we are 
OTiaWcd to show the phenomena of tho one without proilueing 
thoaj which disiiii^isU the other, wo ara eoiisfrained io rcgai-d 
boat as something dissimilar to light. It is true that we appear 
to fej tending townrd somo point of proof on this problem ; but 
we are not in a jwsition to deelaic tbem to he forms of one i«im- 
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moa ]|M)wer, or " pavtieular sohitiotiH of ono groat pliyslcal equa- 
tion.'X'*') III many iiistfiiices it ivouW certainly npjjenv that ono 
of these forces was dircotly iioeessary to tho produclion of tho 
other ; but wo lavo also numerous jixiimplos in wbieh thoy do not 
stand in any such coiTelalioji. 

Wo iearii, ftom Iho soiontiGo faoM which wo have Iwen rliscuKS- 
ing, a few of the socrols of nntuial magic. In ihoir rchitions to 
heat, every flower, which adds to tlio ndorniiicnt of the wihls of 
nature or tho cnrcfuily-tonded garden of llio florist, [josse.'acs a 
power peculiar lo itself; and, as we have b.iforo iiidiciitod, tho 

" Naiad-iikc lily of tlio vnle," 
and, 

" ■Tliepicdwiiicl-flowers.anillliotiiliploll, 

And narcissi, Iho fairest niiiong tlieiii all," 

arc, by their different colours, |)revont<!d from e\cr lia\ing tho 
same tomporatiires under the same sunshine. 

Kvery plant boars within itself the measure of the ealorio 
which in necessary for its woH-boing, and is endued with funotions 
Bhieh mutely deterniino tho relative ainoiint of d(!w which stiall 
wot its eoloured loaves. Sonio of the {orrcstrial phonoinona of 
thia remarkable prineiplo will still further illustrate tho title of 
this volume. 

To conimonco with tho most familiar ilUifitrations, let ns con- 
eicici- tho consequences of chango of teniperalui-o. However 
fillfilil the additional heat may bo to which a body is subjected, it 
cx|ia!ids under its influence ; conseciHontly, every atom which g<iC8 
io form the mass moves under the excitation. The differencoa 
bolween Iho teniporature of <lay and night arc coiisiderablo ; 
therefore ail bodies espand under the influence of the higher, and 
contract under that of Ebo lower, f empcraiure. Kuring lh(( day, 
any cloud ohseuFiTig iho sun produces, in every solid, fluid, or 
nerjllirm body, williin tho range of solar intiuonce, a check : tlio 
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psiUlelM wliich \i:»\ hum exjiandiiig iiiulor the foree of Sieat suil- 
iloiily iMiiifra<!t. Thus tkero must of uecesstiy be, during the 
liours of Riiiishino, h tendonoy iii all tjoiUea to dilnto, nnd during 
Uiu hours of iiight ttioy nmst bo rosutiiing tlicir original eon- 
iVithm. 

Not. only do (lissiniilar bodies rndialc beat in different dcgi^ccs, 
but tboy conduct it nlso with conslnntly varying rnlos. Oalorio 
lirtsses n!ong silver or copper with readiness, compared to Us pro- 
greiis tlu-oiigh pktiiimn. It ia eondiiotcd by glusa but alowly, 
and sllll n:ore slowly by wood and clnireoal. The inelnllic oxides 
or eai'tlis arc bad coiubictora of licat, by wbioli provlsaon tlio 
c:dorie absorbed by (ho Bun's rays is not carried away from the 
hurrace of this planot so rapidly as it would Imve been had it licoii 
of metal ; but in retained in the superficial cruKt to produce llio 
duo toinpcraturo for henllhfu! gerniination anil vegetable groivlb. 
'I'ho wool and hair of animals are still inferior conductors, and 
tinm, under changes of climate and of seasons, the leasts of tbo 
fieUi are secured against Iboso violent transitions from hent to 
cold whieb would bo fatal to them. Hair is a bettor conductor 
than wool : hence, by natiuVa alchomy, hair is changed into wool 
on tho approach of winter, and feathers into down, 

It is. therefore, evident that the rato at which solar heat iscon- 
(lucted into tho crust of tho earth must alter with the condition of 
the surface upon which it falls. Tlio eonducting power of all tbo 
rocks wbicli have been exauiined, is found to vary in some 
degree. ("') . 

It follows, as a natural consequence of the position of the sun 
til the earth, that tho parts near tho ef[Hator become moro heated 
than those ronioto from li. As this boat is eoiiduetcd into tbo 
interior of tho mass, it has a tendency to inovo to Ibo colder por- 
tions of it, and thus the heat absorbed at the oijaolor Ifows to- 
wards tbo poles, aud from tbcK parts m carried off by tbo atnio- 
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Kplierc, Of rnflititcd into sjiaeo. Owing fo Uiis, tltero is n certain 
doplli beiiea!!! ilm suvfaco of our globu at which an equal tcriijiei^ 
nturo pvovaila, tho <lcpth iucveasiiig as wo h-avel north or ^oulTi 
from the equator. (^') 

A (juosEioti of great iiiforcst, in n sioicntiftc point of view, in 
tliecaloriflo condition of tho eoniro of tlio oatth. We arc, of 
course, without t?ie means of solving this prolilcm ; bwt we advaneo 
a littlo way onwanls in the inrjiiiry l)y a caroftil exaniiiialioii of 
Bubtorranoan lempcvnturo at suoli depths as the enterpriso of man 
enables us to reaeli. 'I'hoso resoarelies show us, that where tho 
mean IciiiporatHrc of tiio clhnato is iJO", the tempcratiivo of tho 
Toelc at 50 fallioms fioui tho mirfaco is CO" ; at 132 fathoms it is 
70° ; at 239 fathoms it is 80° : heing an inercaso of 10" at 59 
fathoms deep, or 1° in 35.4 foot; of 10° more at 7S Fathoms 
deeper, or 1° in 'IS. 8 foot ; and of 10° more at IM fathoms still 
(leopor, or 1° in 6-t.2 feet.f') 

Allhongli this would indicato an increase to a cotl^in depth of 
nlioiit one degree in every fifty feet, jot it wouW appear that llia 
Tato of increase diminishes with iho ilopth. and that tlic boat of 
tho earth, bo far as man ean oxainino it, is due to the absorption 
of tho solar raya bj the surface. The moan annual temperaturo 
of this plaiiet is of course subject to great vatialions : at tho 
eqiiator wo may regard it as uniformly existing at 80°, while at 
tho poles it is below tho freoKing point of wafer ; and as far as 
observations have been niadc, the Kiili(r.,„iii- m ii'inpi'i.ihives bear 
acloso rolatiois to the thermieconiliii- I ■ ■■ nfthosiir- 

fcoo, Tho eircadation of water fhvosi;^!! i s.n;-; <n- iL-.isrcs in tho 
^aia Is, withont doiibt, one means of liairjiitg heat downwanla 
much quicker than it woald bo conducted by tho rocks themselves. 
It is now, however, found that tho f[uantity of water increases 
with Iho depth. In the mines of CJoritwall, unless whore tho 
groinid JK very loose, minora find that, after about ISO fathoms 
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(900 feet), tlio i[vian(Ity of wntor rapidiy {liinintKlicii. 'l.'liat waiov 
must ns«ciiit from ver^ niuob greaiof depths is c«ri)iin, from tlio 
high toinjwrnlui^ at whtoli many spfhigsHow out at fbo suifaeo. 
At the Ijoltoin of tUo United lilinoa in Oovnwall, wator rises from 
ono piirt of Iho lobo at 90° ; mi ono of tho levola hi those woik- 
inRS is BO liot lliat, notwlt list and iiig aatrcam of cold water ia puf 
posoly hrOHglit into it to reduce tlio tem|iuratiiro, tlio minora work 
nearly tiakcd, and irill ballio in water at 80° to eool Hieinseh-es. 
At tlio bottom of TroBavcaii Jlino, in the sanio coiinly, ftl)out 390 
fathoms from the Kurfaco, the tcmperaluro is noovly 100°. 

One oansfi of tbo great host of many of our deep mitios, wbicli 
nppearfl lo have been entirely lost sight of, is the chemical notion 
going on ii|>on large masses of pyrilio matter in Ibeir vicinity. 
Tlio heat, which is so oppressive in tbo United Mines, is, witbont 
doubt, due to the decomposition of immense quantities of tlio 
Bulpliuret of iron, known to bo in this condition at a short dis- 
tance fwiin tliosG mineial ffoil s 

As a prtrof that tbo beat whidt wi. are unbklto measure 
Iwnealh the earth's surfice is dno to tltc ctnluLlii {, powers of 
the roeks thomselvos it Ins bLcn f jut I that the lino of equal 
tomperaturo follows, as no-iily is ; 'rfibk tbo elovaticna and 
depressions which proviil uion (ho smfaco 

Whether or not Ibe subtorranean bands ot Ofp al boat have any 
striot relation, wpon a hrgo «caIo to tlio isolbermio bncs which 
have been traced around i wst \ oi ti iis of u 11 e n a point 
nlticb has not yet been so sitisfiofouly defe i incd as to admit 
of any general deduct lona 

Tho Oriental story-tcllcf makes the inner world n place of rare 
beauty — a eaveni leniple, bostvddeil with Eclflntninoug gems, 
in which wside the spiritual boings to whom tho diroctiow of the 
inorganio world is confided. 

Man, in tha height of his knowledj^, lias bad dreams as ahsiml 
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iis tliis ; »iiil asisiil ilio roninncos of sdonco, tlieve nre iiDt to bo 
founii any nioro sirnngo visions than thoso wtaeh relate to tUo 
centre of oiir globo. At tlio same time it must bo nilinitted, tliat 
many of Iho peeiiliar pheiionioim wlncli modern geological re- 
Benreliia Imvo brought to light, are hast explained on the hyjwtbe- 
ma of a oooliiig nitiM, wliicli necosaarily involves tjio Oiistonoo of 
n very liigli tonipGvnturc towards tho ccniro. 

We liavo already noticed somo reinarkaljlo diiTerciiccR Imlwooii 
Eokvaiid torrcMiiiii lient; but a olassof obsorvations fcy Doln- 
rochcC") still requires our nttciilion. Eiolar licit passes freely 
tlirougli coloHi-losa glass, whereas the radiations from a briglit firo 
or a mass of iHeandosecnt metal ant enliicly ohstruclcd by this 
niedinin. If wo place a lamp or a ball of glowing hot motal bo- 
foroa metallic reflector, the foous of acciimiilafcil hent is soon 
discovered ; but if a glass mirror is used, tire light Is rellfiolcd, bnt 
not the heat ; whereas, with the solar rays, but little difTurcnco Is 
deteoteil, whefhor vifroous or motallie reflectors arc employed. It 
is well known that glasa louses refi'act both the tight and bent of 
the sun, and thoy arc conmionly knotrn as hiirning-glasfios : the 
beat aeciimiilatod at their foeal pointbcing of tho Ingliofit intensity. 
Tf, instead of tho solar beam, we em|)loy, in our experiments, an 
intense beat produced byartifieial means, tba passage of it h ob- 
structed, and (lie most delicate thornioniotors remain (Mtdisturhcd 
ill the focus of the lens. Glass ex|iORod in front of a fire be- 
comes ivarn*, and by eonduetion the boat passes through it, and » 
secondary radiation taltes place from tho opposite sidcC^) It 
has been found that glass is iraiui'ale^fent, ordialhermie, to some 
rays of terrestrial heat, and adiathennic, or opiiko for heat, to 
oihcre(^) — that tho (apability of |iernieattng glass inereasiw with 
the temperature of tho ignited body - - and lliat rays which have 
jBiMcd ono screen traverise a second mere readily. It would, 
however, api*ar that^aoniething luoro than a mere elevafion of 
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temperaUire k nceossary to givo tocrcsErkl calorific radiations thn 
povfor of passing tlirougli glass scrocits, or, in otiier wank, to 
nofjuiro tho |>roperiics of solar heat. 

To give an cxamplo ; Tho lieat of llio oxy-Iiyilvogon flumo \s 
most intenso, yot glass obstructs it, althoiigU it may be asiifitcil 
by a pivobcli.- reflector If lliis flimo ia raatio to play u[K»n a 
><iil of i ly vh c) n J o t te le 1 J t h proliiood, tlia boat, 
vl cli 1 s t 1 ee I actually o so I ic j es (lie power of 
1 „ refitoUy a glas 1 1 I file bodies may 

I t, tc 1 I tg foe s 

It I ily nip afro tloo re 1(^ tl it the Hndulatory 
I yi ot! es s ] oils t so fa os ttio n ol n of tl e calorifio foreo 

00 cer I Vt ■» ccrl rato tl o 1 r^l o s re thrown back 

sfou lljtleonos j,loly, ililomnMiitoofhlghor oxci- 
(atioii, moving with iiicroasod rapiility, they |ieriiioato tho soreen. 
('■'} This does not, indeed, inlerfoio with tho rcfmcd theory of 
Provoat,(") which sitpposos a mufual and e(iiia! interchange of 
caloric betwcon all bodies. 

Tlio most general efl'oot of heat is the expatision of matter ; 
soiida, Uquida, and aira, all oxjiaiid under ifa iiiflnencc. If a bar 
of metal is exposed to calorillo action, it inoreaeoa in siio, owin" 
to its particles being separated fnriher fi^ni each other : by con- 
tinuing this influenco, after a certain lime the eoliesion of the 
mass is BO roduecd that it molts, or becomes liquid, and, nndcr 
the force of a still Ingbor temporatiiro, this moUen metal may be 
dissipated in vapour. It would appear as if, nnder tho agency 
of tbo heat applied to a bwly, its atoms expanded, itniil at last, 
owing to the tensity of ibo outer layer or envelope of cacli atom, 
they were enabled to moTe freoiy over each other, or fo interp«n- 
elrate wilho\it difficulty. That heat does really occasion a eon- 
siilerablc disturbaneo in tbo corpuscular arrangement of Ifoilies, 
nsay be proveil by a very interesting es|ioriment. A bar of 
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healed imlei is pheci to eoo), wJtli ono end auppoi-letl itpon a 
weilgo of aiiotUoi- sort of moliil, Uio otliar resting on tlm gr«tiiMl. 
In cooling, a distinct liiusioal w)ttinl is given out, cjiviug to tlm 
vibratovy action setup among Ibo pattieles of matter moving !is 
the teniporalura deelinos.O 

Jlaat is <lift'ii.scd tlnxiu{;h nil Ijodios in nature, and, as ivo sliiiU 
proBcntly seo, may bo develojiod in many diiruront ways. Wo 
may, lliorofoie, infer, tliat in converting a pplicro of ice inlo 
water, and that again into steam, wo liavo done notliing more flinn 
interponclrato tlio mass with a l^irger quantity of caloric, by 
ivhieli its atoms arc moro widoly separated, and tliat tlnm its 
molcculea become more ductile and claslic, Thus, from a Kolid 
Ktate, llio water Ijeooiiics fluid ; mid tlicn, if tlic expansive force 
is coiitiiiuod, an invisible vapour. Tf tlicsc limits aro imssuil by 
the [Hiwoi-s of any greatly incrnased llicvmic action, llio ntitural 
eonseijueneo, it must be seen, will bo the sopiiration of llio atoms 
from cacli other, to siieb an extent that tlio iiioleculo is destroyed, 
nnd otiomical decon)£Kisition takes pliico. 

By the agency of tiio olcetrieity of flio volfaie baltory, we are 
enabled to produce the niost iutense bent wifh wliieh we are ao- 
<juainlod, and by a peculiarly ingoiHOus arrnngement, Sir. Grove 
has succeeded in resolving water iiUo tta constituent clennjiils — 
oxygen nnd hydrogen gases. That this decern jjosition is notduo 
to tbo voltaic eiirreni was subsequently proved by employing 
jitatina, boated by the oxy-hydrogon tlamo-O 

This interesting question has been esniiiincd with great <«ro 
by Df.Eobinson of Armagh, who has shown that, as tbo temjior- 
atuve of water is tnereased, the affinity of iis elements is lossiined, 
until at a oortain point it is ovontuaily destroyed. This new 
and srtariling fact appears searcoly eonsisfent with out knowkdgo, 
lliat a body healed m os to bo himinoijs has iho power of liau^ing 
the oondsination of Ibo ckmiiists of waKir witlt csjdosive vieienec. 
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(■") lilt I- I'l!-. II uli; e\[icnfHQn{iil jjliilosoplicr soiiieifbat Iwlii- 
i_y Im' 'ill liiu.t 11, i-jiii^liJy ang^iistsi "la it not jwobablc that, 
it' III.' h 'lil.sMiio other aofniie power (tike that wliiolt aceou»[)a- 
uka h -hi ill tlio spoottuni, nnd ia rove.tlcd to us by its choniiual 
olleut, ill tlio process of pUotogiapliy) is evolved by tlio beat, 
[iiiil, tliougb invisible, dotoiniiiic?, in conjiiitction witb tbo (iflinitj, 
ili^itatoHiie change nrhich tran^foriiH tbo three volumes of oxyKoii 
mill hydrogoii into two of -iciim ? "(") 

'I'hib spcouliilion explains, in a veiy t-ilisfaelory iiianiicr, sniiio 
iiLSiiltB which wore obtained liy Count Uunifoi-d. in 1708. In ii 
series of uxporiiiiontit, instituted for ibe pur^wso of oxninining 
'■ ilitrao ohoinicnl projieilics of light wliieli have been attributed 
to it," iiu h.is shown that many ei^os of cboiiiical dccom|>03ition 
(leetirin perfect daikncss, imdfi (ho infiuunco of heat, wbicb aro 
|iri;oiacly similar to tho-n luuiliucil by csposHvo to tho Bim'fl 

It muat, liowevei, ho lemenibered, that liotb fiolav li»ht and 
heat aro Bometimca found in direct antajjoni^ni to actiiiie power, 
and tliat the most decided chomieal clianges are produeod by 
thoso rayn in wbicb netthor Iieat nor light can bo dotoetcd. Tho 
remarkable phononiona of this class will bo explained under the 
head of notinisin. 

Ono of tho moat curious relations wliieh, ns yet. have bei-n 
discovered lioEweon light and boat is, that tho tempciatnre of tho 
iiieundosooiico of all bodies, excepting such as arc pbosphorescent, 
Is uniform. This |)ointon (ho Ihernioinetor (Fahrenhcit'si aealc) 
limy pi^lwibly be regirdcd as, or very near, 1000°, whon the cyu 
by porfcct ropm Is enabled to detect tbo Brsi luminous inftwence. 
Daniel has fixed this point at 980°, Wedgwood at 947°, and Dra- 
irar at mi".C} Dr. Eohinson and Dr. MrajKir, by indepen- 
ilont observations, bnvo both arrived at the conclusion, that tho 
lii^t gleam of light which appears from heated pkthia is not red. 
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biit (>f t% iii\0!iil<!i' gray, llio saHio in cliaracter as that tlclcctcd 
by Sir .J(i!iri Ik'rselpol liiiiojig tha most refruiigiblo ritjH of tlio 
Kolar spectrum. (") 

It must bo afimiftoil, (bat the question of tbe identity, or other- 
wise, (rfJiglit and radiant boat, is besot witl* difRculties. Miiny 
of tboir pliouomciia ave very similar — many of tlioir inodoH of 
action are alike : flicy arc oflcii found as allied agencies ; hut 
tlicy as fveciueiitly exhibit esticino diversity of action, and they 
may bo Keparatcd from each other. 

Wo have now examined tlie physical conditions ami iirojMjrIics 
of this most impovtant olonient, and wc must proceed to learn 
something of tho means by wbioh it may be dovoloped, itidcpcn- 
dently of its solar source. 

This oKlraordinary principle oxists in a lalcnt slate in all bod- 
ies, and may bo pressed out of them. The hlacksniitb liaumiers 
a nail until it becomes red-hot, and from it lie lights )m mateh ; 
tbo iron lias by this process become mora dense, and pcrexi^ion 
will not again produce ineandojccncc until tho bar has Iwen ex- 
posed in fii;o to a rod beat. The Indian producoK a f!|)ark by 
tbo attrition of two pieces of wood. By friction, two pieces of 
ice may bo made to melt each other ; and contd we, by meebani- 
cbI prei!sure, force water into a '■olid state, an innnonso qiiaidity 
of caloric would bo set fieo. Jiy the condensation of hydiogon 
and oxygon gases, pulvcinlont plitinum will become glowing 
red-hot, and, with certain preoaiitionH, even tho comixict motal, 
platinum, itsolf; tho heat being derived from tho gasei, tbo 
union of wbiob it has eftccted, A bwly jrassing from the foUd 
to tbo fluid Btate absorls heat from all pntroundiilg j-uli-tani-es, 
and honca adegrco of cold is produced. Tlio heat «hieh hOim 
removed is not destroyed — it is Iteld combined with the fluid ; 
it exists in a latent state. Fluids, in passing into a gaseous (mm, 
also rob all surronnding bodtca of an amount of heat iioceiiMry 
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to niainlaiu the aoriibrra eonditioti, Frow ftio air or from tlio 
fluid this lioat may, aa wo have sbowii above, 1m again cxUa«!orf. 
Iioekctl in a pint mcasiiro of air, there exists aiHioiont calorie to 
raise Bcvoral sxniaro inches of niolal to a glowing red heat. By 
l!io eompteBsion of atmi^phoric nir tliisinny he sliown, and with 
a Binall eoiidonsing syringe a suflioicut quantity of boat may ln> 
fMtfrtelo firo tho Jioklus igniuriiis, which, ini|irognatod with 
iiitro, is l(noivn as amadou. ^Vo are acquainted with Tarloiia 
soorcoB of heal for nvtilieial jiurjKiBos ; the Hint and stool, and the 
inodorn Lncifer-niatch, are (ho most coninioii, I'liesc of them- 
selves »¥Ould admit of a lengthened discourse ; hut it is necessary 
that wo carefully examine some of the less familiar phenomena of 
hont under the iiiilucncca of changes of chemical condition. 

If spirits of wine and water are mixed tegothor, a consldorahlo 
degree of liont is given out, and by mixing aulphuno acid and 
water, an infinitely larger amount. If oil of vitiiol and spirits 
of wino, or aqiinfortis (nitric acid) and spirits of tiir|)cnlino, at; 
eomnion torn peratn res, bo Euddcnly mi-xcd, bo much heat is sot 
froo as to ignito the spirits. In all these instances there is a 
condensation of the iluid. In neaily all canes of eoliition, eohi 
is produced by tho absorption of (lie heat necessary to su>ttain 
the salt ill a liquid form ; but when pettish dis.solycs in water, 
beat is gi?oii out, wliieli is a fact wo cannot yet explain. If po- 
tassium is placed on water, it sets fire, by the heat produced, to 
the hydrogen gas liberated from it. Antimony and many other 
metals thrown into ctdorine gas ignito and burn with brilliancy : 
the same phenomoiioii tflkcs place in the vapours of iodine or 
bromine. Many chentioal eotnbinations, as tho chlorate of pet- 
iish and sulphur, esplode with a blow ; whilst the slightest frie- 
lion oceaeonB tho detonation of tho ftilminafing salts of rilver, 
meronry, and gold. Oomponnda of nitrogen and chlorine, or 
it^ine, are ^11 more delieateiy oombineil — tho former es|!lod- 
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ing with fsBFfal violeneo on the eonfaet of an obagirious body, 
anil the latter with the smslkst elcvntioii of teiiiperatHTO : both 
of thoin destrojing the vessels in which they may be eoiitatiied. 
These fearftii diaturhHiiees of eombtnation cnit only be explHitiud 
upon the supposition, that the prlicles have the property of con- 
densing Biound tlicni on enormous ((uanfily of tho ealoiilio and 
ehcnileHl priiicipio, and rctniiiing them in it Intent Ntnte until 
some dJBturbanco rendcra tboni sensible, by which (lie sudden 
dosfvucHoii of the chemical union in produced, and the full pow- 
ers of heat and actinism aro dovolopud. 'I'he fact of groat heat 
being evolved during tlio oonvoi-fiion of a body from a solid to a 
gaseous slate, which is a striking exception to the law of latent 
heat, as it provaiU in most cases, sidmits of no more satisfactory 
explanation. 

As meehanieal force produces calorific excitation, so wo find 
that every movement of sap in vegetables, and of the blood and 
fluids in the animal economy, causes a sensible inoroaso of heat. 
Tho chemical processes constantly going on in pknta and ani- 
mals are another Konrco of iieat; and to nervous energy and to 
inuMsulnr movomont, inusl ivo also look for tbo sustaining caloiio 
which is essential to the health and life of tho latter. Digestion 
has been considered as a process of combustion ; and tlio aelioii 
between the elements of food, and tho oxygen convoyed by tho 
cireulaticm of the blood to every part of the body, regarded as 
the source of animal heat; and, without doubt, it is ono great 
source, ulthougli it cannot be regarded as tlio only one.(") 

Tiic vis vita, or vita! power, inHuoneos the delicate and beau- 
tiful system of nerves; and as life runs through them, from the 
brain to the extremities of tiio mcmbDrs of the body, an cssenco 
of the rarest and most subtile order, a diffuBivo influence, it »eti! 
those tender tlireads in rapid vibration, and heat is developcil. 
By this action, the oiraulation of tho blood is offeetod ; the mus- 
cle is njaintaiued in an elastic condition, ready to perform tho 
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tasks of t!io win ; oiul tlivougti those agencioa is the wnmi ant! 
Jiuitl hliMil fitted to receive its cboiiiiea! i-estomtivcs in tlic lungs, 
mid the ^ouiacU to siipprt changes to which it h doBigiied — 
cheinieat albo — by wliiali mote boat is liberated. Was diges- 
tion — erenmcRHsk, as tho slow combustion piofiuccdby combi- 
JiHtion with oxygon is eailed — llio only smireo of aiiinml heat, 
why shouhl llie injury of ono filmy notvo plnoo a moinbcr of tho 
Iroily for over in Hio condition of felony coldness? Or why, 
clicmical action boing most actively continued after « violent 
death, by the action of tho gabtnc juices upon tlic animal ttsfiues, 
should not animal heat bo maintained for a nmeh longer [jcriod 
than it tn found to bo?(™) 

In studying the influences of caloric upon tho condilionsof 
niattor, wo must regavil tho etfeeta of extreme heat, and also of 
the greatest degrees of cold which have been obtainwi. 

Tlicro aro a set of experiments by tlio Bavon Cagniard do k 
Tour, which appear to have a very Ini))orlant bearing on some 
conditions that may bo supposed to prevail in naturo, particular- 
ly if wo adojit tho view of a constantly increasing tcinporaturo 
tm^ards llio centre of our earth. If water, alcohol, or ether, is 
put into a strong glass ttibo of small hare, and, the ends being 
liormolically sealed, the whole is exposed to a strong heat, tho 
fluid disappear, being converted into a transparent gas; but, 
upon cooling, it is again condensed, without loss, into its origi- 
nal fluid 8lato.(") In this exjnriment, fluid bodies Itavo beou 
converted into elastic Irans^iTent ^ses without any change of 
volume, under t!^ prepsnre of their own atmo^'jjhcres. IVe can 
readily conceive a Mmilar result occurring upon a far more ex- 
ionsivo scale. In volamie dialriets, at great deptlis, and I'ons'p- 
ijucnfJy under the pressure of the snijci incnmbcnt mapi<, the 
silicBOus rocks, or even metals, may, from tho action of iuionfo 
heat, be brought Into a ^seous or fluid condition without auy 
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change of volume, since tlio elnsfio force of liottt is (i])i>os«<l by 
the rigid resistaneo of the pressure ot tlio siivrouiidtng rocka. 

Directly coiiiiectod sitb ilieso resultH of Cagiiiartl de k 'Saav, 
aro a yet more rainBrkabIc set of jiltononiciia, wliielt Siavo hixa 
iiiyestigsted by M. Boutigny,('*) and generally known as tlio 
"Hphoroidal coiulitlon" of bodies. If water ia projeetod upon 
bot motal, it inatanlly assumes a splioroidal form — an iiitoriiul 
motion of its pHrticlcs may bo observed — it revolves witli rapid- 
ity, and ovoporatcs very slowly. IJvoii if a hilvcr or plntiiKiiii 
ciipsulo, wlion Ijrougbt to a brigbt red heat, is (illcd witb cold 
wntor, the whole mass assumes the spheroidal state, llio tunipora- 
turo of the fluid eon'jtantly remaining considerably below tlio 
boiling point, so long ns the red boat is ninintained. If no al- 
low tlio vessel to cool below rcdnes,^, in (lie ilark, llie Wiilor 
buritsinlo active obnllition, and is di-^ipated info vaponr witli 
almost explosive violence. 

Anotbei' form of this oxperimc.nt is exceedingly instrnetlvo. 
If a mass of white hot metal is suddenly plunged into a vessel 
of cold wat«r, the ineandesccneo ia not (iiienohed, the metal 
shines with a bright white light, and the wafer is soon to circu- 
late around, but at sonio distance from the glowing mass, t>eii\g 
flclnally ropollod by tho calorific a^^cney. At length, when tbo 
metal cools, tbo wain- conies, in eoiifai't wifh it. and boils with 
CJierpy. 

A result similar (o this icas ob.TOFved by I'orltiii.'*, bnf it-i eor- 
reclnesa m«at uTijnsily doubted. Having made an iron slioll, 
containing water, red-lsot, ho rausad a hole to lio drilled into it, 
and ho was surprised to find that no viaicr flowed lhrnn;;h the 
oiifiro until tho itmt was c-on'.idprably cooltn!, wliyn ii t—ni'd 
forlh with violence in the form of steam. If water h ]»mH:it 
upon an iion siore, the wires of \i\iv-h aio ni.idu red h.il. it will 
not pi-icokto; but on cooling if will nui ib!Ou"h tapidlv. .^1. 
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Ifoulignx. jiinsuing Uiis ourious inquiry, Iiaa recently proved 
that (ho moisluri! ujion tlie skin is suflieient to pfofect it from 
disofgani/atiijii, if tlio arm ia rajtidly plunged into baths of ntolt- 
oil siiotnl. I'lie resistance of the Biirfjices is flo great, that I'lttlo 
olovfltion of teniiMirnturo is oxporionccd.(''*) 

"Wo liavo now scon tliat lioat apiiears to produce chomical 
composiliori — tlist it dei!oin|M>sea Eonibiiied clomonts — llint it 
alters llio conditions of bodies, and actually iiiainlnins ao power- 
fully 11 rc])ollcnt force, lliat ilulila cannot loiioli tlio liontcd body, 
iMovo tlinii lliis, it exerts a most posvotfiil infliioncc over all oliein- 
icul relations. If, to {jivo one cjtamplft, tlio volaiilo clement 
iodine is put into a glowing-liot eapulo, it resolves itself imme- 
diately into a spberoid. I'olash rapidly combines ivith iodine; 
but if n piece of this alkflli is thrown upon it in the capsule, it 
al^o lakes tlio Kpheroidal form, and both bodies revolve indc- 
pundoiitly of ciicli other, tlicit ohcnilcal alTinitioa being entirely 
puspcnded ; but allow tho eapsnle to cool, and llioy cowrbiiio 
immediately. 

'riiOKC cxpmimcnts of Cagniard do la Tour and of Boutlgiiy 
(d'Wvroiix), connect thcmsolvcs, in a striking manner, with those 
of Mr. Grovo and Dr. Robinson ; and thoy teach us that but n 
very slight alteraiiou in the pro]>nrfions of the calorilio principle 
given to this planet would eomplelely change tho eharaclcr of 
every material a«i)3taiiee of which it ia compoaed, unless them was 
an alteration in tho physical condition of tboolemonlslhemeolvoB. 

Supposing tlio ordeal of fiery purification to take place upon 
this planet, tlieso esporimonts appear to indicate tho wighly 
changes which would thonoo result. 'I'hore would be no annihi- 
lation, but everything would be transfer med front tho centre of the 
p;lohc to tho verge of its atniosphcro — old things would pawf 
away, all thlnga hccomo new, and the beautiful mytlKW of tho 
|ikciilx be riiiiliMd in (ho frcslb creation. 
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Tho dcducibus to bo drawn from tlio results oblJtinMl by 
afet^aeiiiig heat from byiUos aro oqwaUy insiruclivo. By taking 
advaiiliigo of iho cooHng praliiced by the ra|nd Bolutloii of salts 
of sovernl klnda in water, an iiitonso dcgreoof coldness inny bo 
produced. (^) Indeed, Ilia alBorplion of licat by lit^uefaclion may 
bo sliowo by tha iiso of motaiUo bodioK alono. If lead, tin, niid 
bismuth ni'O incited togotlior, and reduced to a conrsn powder by 
being ijouved into wntcr, niid the alloy then dissolved in a largo 
quantity of quicksilver, tho therm o meter will sink nuHvly 00 
degrees. Anintenso amount of cold will result fixim the misturo 
of murialo of liiuo mid snow, by whioli a toiiipevaturu of 50° 
below tho /evo of Fohvenlicit, or S2° below the ftceringpoiiitof 
walor, 13 produced. Jiy Buch a freoidng uiixluro as Hiis, mercury 
will be rendered Bolid. A degree of cold, however, far oxoocdtng 
it, has lately been obtained by the iiao of aolid oarbonio acid and 
otJior.f') Solid carbonic acid is ilsolf piwurcd from tho gas 
liquefied by pvcKSurc ; which li'|uiit, when allowed to escape into 
the air, ovajiorates ko rapidly tliat n largo quantity of it is cou- 
goakd by being TOhlcd of its combined lieat by the vaporiifing 
|)ort!Oii. When this soiid acid is united with othor, a batb isi 
formed in which the cai'honic acid will remain solid for twenty or 
thirty niiuulcs. By a mixture of tliis kind, placed under tho 
I'oceivoi' of an air-pnnip, a goo<! cxliaustioa being fiUBlainud, a 
do^cB of cold, 160° bolow koto, is socui'cd. Ky this intense cold, 
many of the bodies wbtoh Iiavo hifliovto beoii Itnown to us o»dy in 
the gaseoMs state, have been condonsed into lieiuids and solids, 
Olefiant gas, a QOrajiQund of liydmgcn and carbon, was brought 
into ft liquid ibrm. Ilydrimlb iiud hydrohiotoic .i-uh ,-,;u?s1 !,si 
eondensud info either a liquid or a solid (lytiu. ' \-' ,i I 
hydrogen, agaswbieh Jntlamoa sponlaneously i-,:,. ■! l,....i=;jj= m-,., 
contact with tho air or with oxygen, became a franKjiUfnot litjuid 
at this great rcduetton of totnpemtutc. Sulphurous aeid may bo 
iwudonaid, by pressure and a reduction of fomporaturo, into a 
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liquid which boils at 14' Ji'aliionbcii, but by the earbonio aoisl 
bath it is converted into a solid body, transpiircnfe anil withosiE 
oolour. Sulphuretted hydrogen gassoHdtiiosni 122° bolow xsto, 
and foHiis a white subsianee i^jsombling a mass of crystals of sea- 
Halt. 

A combination of tlio two gasoa, olilorino and oxygon, bo- 
comcs solid at — 75°, and tlio piotoxido ofniti-ogou at — 150°, 
Cyanogen, a compound of caihon and nitrogen, t!io baao of I'l'UKsio 
acid, is solidillcil at iO° bolow the /eio ol our thormoinotvio ficalo. 
The well-known pungent eoinpound ammonia so exceedingly 
volatilo at common tcmpoiatuies la conieited mto a evyfifallino, 
translucent, wlnto subshnto it iho Icmpeialuro of — 10S!°. Tho 
dillioHltiea whioh nCLC^snuIy oltciid tbo exjmsiirc of a body to 
extreme cold ml gicit pie*snic it ttie i-amc (nne, appear to bo 
the only flbstaclo to the cendenontion of oi^ygon, hydrogen, and 
nitrogen gaaos A sulBoiont amount of condensation was, how- 
over, effected by Dr. Faraday, to lead him to tlio eonelusion, 
arrired at also by otiier osidcnccB, tiiat hydrogen, tho lighteet of 
the ponderable bodies, patlahca of the nature of a molal.(*') 

Tho refmomonls of Grecian pltilosophy saw, wilhout tlio aids of 
inttuelivo science, that tho outward vesture of nature covered a 
hostofmyiderioHsngeneiosto whieh its charactorisliea were diraetly 
due. In their dream of the four elements, tiro, the external and 
visible form of heat, was regarded as flic oauw of vitality, and Ilia 
dispiKor of every organined and unovganlKod eoiulilinn of matter. 
Thoir idea lizal ions have asstnnod another form, but tho researcbcs 
of modern sieienea havo only established their iintverstlity (tod 
truth. 

The gwat agents at ^rk in nature — the nsigldy Kpirlis bound 
to uOTCr-oiiding tasks, which they pursue wilh unremitting toil, 
ore of m refined a dmractor, that they will probably remain lor 
over unknown to wa. Tho arch^evocafor, with the wand of 
iuductioii, ealb ; but the o«)ly answor to hl^ evocation is Uic man- 



h, Google 



92 UNOWLBDOE OV IIBAT. 

itc libni t 1 SOI 11 shrdmg eflecfs. Scianeo pui^HOS hor 
mqiunt-q uiHi zeil iiul care i slio tries nnd tortures naturo to 
ooinpol Uoi to rovnl her eeorots, Bounilsero, however, set (u 
tlio noifOfi of II ns to aoarLh : wo, may not yet Itavo roaehed tho 
JiiinJH inllmi ffbtli wo iro free to oxoreisQ our mental strongtli ; 
but tlip^o hmils icnclicd t?o sbnll finil an iiifinito region beyond 
11'", into winch oion coiijeoturo wnnders oyclefis and eimlcsB, m 
the bhnd Cjclops, groping in liis inolancholy cnvo.(") 

All we know of lio at is, tliiit striking cffoof« iiro protlueocl which 
wo measure by sonsalion, and by instninionts \ipen i^liiob wo 
Jiavo observed that gi/on results will bo produced under certain 
conditions : of anything appTOaehing to the cause of those, wo aro 
totally ignorant. Tlio wonder- working mover of Komo of tlie 
grandest ptionomona in nafuro — giving lionllli to tho organic 
world, and form to tho inorganic mass — producing genial gales 
and dire fornadoos — oarthquoiiD struggling* and volcanie orui»- 
tion.s — miniBtoring to oui' coniforta in the homely flro — and to 
advaneemont in eiviliiiation in tho mighty fttrnaao, and tlio 
ingenious engine which drains onr mines, or traverses our 
coiiutry ivifh bird-like speed, —will, in all probability, ronmin 
for cvoriinkiiown to man. The iinmoflal Newton, many of whoso 
gncsi-ns havo a prophotio value, Ibus oxpresaos himself: " Heat 
consists in ft minute vibratory motion in tlto partiolos of bodies, 
and this motion is communicafod through an apparent vacuum 
by the undulations of a very sutello clastic medium, which is also 
eoiicorncd in the pbonomona of light." 

Our exporifiiontal labours and our matberaatieal invesfigalions, 
havo eonsidocably advanced our knowledgo siuce tho time of 
Newton j yet atill, each theory of beat strangely r^icmbles tho 
mystic lamp whioh the liosieriioian regarded as a typo of etenial 
life — a dim and flickering symlml, in tho tougue-Itko flame of 
whioh imagination, liko a child, can conjure many shapes. 
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n I from tl o |, y I low t tl o g lien glo v — H 8 

1 of c g »he YCa y of I o est of 8[ Ion lour tl c 

c oca ro|oso tra | 1 y i o cloullanl ofthowest 

anil watch tlio goldou aud t!io ruddy hues fatlo elowly into ths 

Mmi timrturc of night ; — ami tho pale rofulgeiico of the moon, 

ivith tlioquiotsparklo of the »uu-lttatars, nil tend toinipvoss upon 

fho soul tho groat truth, that, where thera is light, Ofganixntion 

ami life are fouiul, and beyond its infliienco death an*! wicnco 

liiilil supreme do!intflion.(*') Thraagh all lime we have avldcnens 

t'ut tins ha-i bisa tho prs\ai!wg filing of the huinin m- ' 

ilni^eii, of eomoQ, from their obsoivatton of the natoril {ib 

MMooiii dtjiindpttt u]Kin luonumis 8<n nn In the mift-. ul" 

<M\', couiiiry, nnporBontiiOns of lylil jtn\ nl, vail to the'o an 
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referreil t5io mysferies of \hc, pcipetuiil renewfil of VA: ois iho 
Kurfi.cc of tiio Ciirfh, 

This pMsoiitimcnt of a phUosopliio trollt, in the insfaiifift of the 
]»et sagos of iiitellcotuai Greeco, was ndvanced to (he liiglipat 
(Icgioo of rcfinomftiit ; and the siihlime cxctatitatioii (if I'lato : 
" Light m frutli, niul Goil i^ li;;ht," npiiroachos iieovly lo ft <]iviim 
revelation. 

As iho medium of vision — ns tlic ciiuKO of colour — as a])Owor 
influencing in n most striking mnnner nil the forms of orgniii/a- 
tion around us, light presented to the inqiiiiing minds of nil ages 
R sulijcct of the Jiighcst inlcroRt. 

The ancient philosophors, although they lost theniKeWcs in the 
melapliyisionl suhtloties of tlieir schools, eoutd not hiil dtKCOver in 
light nil clonieut of the utniost impoilauco in natural 0|)0rali<in3. 
Tlio nldiyniists regarded tho luminous principle as a most subtilo 
fluid, capable of inlerpenettnting and mingling with gross nint- 
tcr ; gold being BUpposed to differ from the boRor motfils only in 
containing a larger quantity of thisethcreal essence. (*') Moflevn 
soioncc, after investigating most attentively n greater number of 
tho phenomena of light, has endeaveurcd to assist the in(|niry by 
tho aid of hypotheses. Newton, in n tine theory which CKhihifM 
(ho I'cfincd character of that great philosopher's mind, Kupposes 
himinous particles to dart from tho surfaces of bodies in at! divoc- 
(ions — (hat these infinitely minute partielcs are influenced by tho 
uttraeting and repelling forces of matter, and thus turned liaek, 
or reflected, from their Buperiicies iu pomo eases, atid absorbed 
into their Interstifial S|sieeB in others. 

Huyghcns, on the Eontrary, supposes light to he caused by tho 
waves or vibrations of an elastlo medium dilTnecd through all S|iaRo, 
lyhieli waves are prO|>agatcd in every direction from the biminons 
body. In the oim ease, a luminows purtiele is svipiio»d antunliy 
to comu from (ho .sun in tho earih j in (he other, (ho sun only 
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% distuvbanee of ibo ether, which oxEonds with great 
rapidity, in tlio samo luaiiner as a viiivtt aptcada ifsulf over the 
Miirfacu of a kke. 

Nearly all the facts known in tlw time of Nowfon, and those 
iSiscovercd by him, woi'o osplained most aatisfacfoiily hy his 
tliKory ; but it Wfis found tliey could l>o iiitei'|>i-clcd eiiiially well 
liy (Ijo undulatory hypotliesio, vfith tlio exception of Iho inodue- 
tion of colour by prlsinalic rcfraelioii. A.lllioiigli the lalKiurts of 
the most gifted itiiiid» have been given, with Iho utmost devotion, 
to tlic BHpimit of tho vibratory theory, (liis Blniplo fact has never 
yot received any satisfactory explanation from it ; and there iiro 
numerous discoveries connooted with the inoloetilai- mid choinioal 
disturbances produced by tho snn's rays, of wliioii its ardent sup- 
jiovtorH do not even attcnipt nn oxplnnution, 

In both theories, a wave motion is admitted, and every fact 
renders it probable that this mode of pi-ogrossion applies not only 
(o light, but to the so-ealled imponderable forces. Admitting, 
tlierofovo, the wtidulafory niovcmciit of luminous rays, wa shall 
not stop to omisider thow points of tho rtisoussion which liftvo 
been so ably dealt with by Young, I;aplace, Frosnol, Biot, Frau- 
enhofer, Ilerschel, Urcwster, and others, but proceed at oneo to 
consider tho sources of light, and ita mom roniarkablo pho- 
i,<.„«,m,C») 

l-'hc sun is tiio greatest perinnnently luminous body wo arc 
aci[>i;iinled with, and that oib is continually pouring off light 
I'l-om its surface in all directions at tho rate, through iho resisting 
incdinm of space and of our own otinosplioro, of 102,000 miles in 
a second of time. It has been eatculatcd. however, that it would 
inove IhrOMgh a vaounni with the speed of 192,500 railes in the 
samo period. Wo, tlierofovo, lenrn that a ray of light roqoiros 
eight miuntes and thirteen seconds to come from tho sun to m. In 
travelling from tho distant planet Uranas, nearly throe hours lire 
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oxlviHSiGil ; nnil from tlie nearest of tlto fixoil sEavs oauli lay of 
ligbt reqwtfes Jiiore tban sis yeiirs to tiaverao tlio iiitervcuiitg 
space bchfoon tbem and the eaith. Allow the niinil to ailvjmce 
to tlio rogioBB of tho Dobula>, nnd it will be found thai lumdfcdN 
of years iiiiigt glido away (luring tbo pa&sagQ of tbcir radial ion a. 
.OoiK^c'iiicntly, if one of tbose masses of matter, or oven otm of 
ttio Tiniioto fixed stars, iraa " blottud out of heaven " lo-duy, sev- 
eral gciierations of tbo finile iiiliabitaiils of (bis world ivouUl fade 
out of (itno before tbo oblitoriitioii could be kiiowa to iiimi. li.oro 
tbo immoiiBity of spaco assists us in our eoneejilion, limited tlioiigb 
it be, of tbo for over of eternity. (*') 

Al! the [>la[icf8 of our system sliino wilb refJoeled lii;lit, and 
tlie inioon, our satellite, also owca her silvery lustre to the suti'a 
ladiatioDK. The fiscd stars aro, in all probability, mm ahiiiitifj 
from tbo far distance of space, with (heir own self-emitted lights. 
By the pbotoinctrio rcsoanibcs of Dr. Wollaiitoii wo learn, how- 
over, that it would tnko 20,000 itiillions of siicb orbs as Slrius, 
tbo brigbfest of tbo fixed stars, to afford as much ligbt as wo 
dorivo frojii tho sun. The same observer has proved that tho 
brightest effulgence of the full moon is yet 801.072 tiinea Icsa 
tban tbo luminous |(0wci' of our solar oentro. 

Choinical action is al9> a soure' of li,jlit; and, undor suvonl 
eli'cumsl uces wl tc! tl e 1 vs of fl ty are strongly exerted, 
ft very nte leo 1 q nous oflc t s j od ed. In tbo oloelrio 
Bpark we 1 avo tl e lo eloj e of 1 ght and tho aic wliiob is 
formed botw n tl o i olcs of po orf 1 voltaio battery, affitrds 
x\s tho ost ten at fie al 11 i with wbieh we are He- 

quainted. In addtiioii to these, we bave tbo |«euliar pbonomeiia 
of phospltorcscenoo arising from ebemieal, ealoriSe, eleetrieal, 
aeliiuc, and vital excitation, all of whbb must be jintticularly 
oXaiiiincd, 

Fi-oiii whatever soureo we pvocuvo ligbt, it is tho ^ame in ebar- 
actoi', differing only in intouaity. In its acltoit ujion iiiattor, we 
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hsivo (lio [jbonoiiiena of trHnspareney, of rcHeciion, of refraciioit, 
of colour, of (lolai iMtion, ntid of vision, to cnguge our attention. 

A beam of ivbttc Jiglit falls upon a pkio of colourletia glass, 
and it passes freely fbroiigh it, losing but littlo of ila intensity; 
that Jiltlu beiiig lost by reflection from the first siirfiice ypnii 
wliicb tbe liglit impinges. If tlio glasa is rOHghenert by grind- 
ing, wo lose more llglit by refleclion from tlie aspcrilics of Iba 
iougliened surface ; but if wo cover that face with any oleagi- 
nous fluid, as for instance turpentine, its transparency is reslorocl. 
Wo bave thus direct proof that transparency to liglit is duo to 
molecular condition. This may bo most fitriltingly shown by an 
interesting expcrlmont of Sir David Urcivslor's ; — 

If a glass tube is filled with nitrous acid vapour, wliieh is of 
ii dull rod colour, it admits freely tho jwssagc of tho red and 
ovango rays with sonio of the others, and, if held upright in tho 
sunshine, casta a red sliadow on tho groinid ; by gently warming 
it with a spiriHamp, whilst, in this position, it acquires « nineh 
doo}>or and blacker colonr, and becomes almost impervious ti 
any of tho irays of light; hut upon cooling it again recovers its 
Iraiisparoney . 

Xt has also been stated by tho same exact oxperimcnfalist, that 
having brought a purple glass to n red heat, its transparency was 
improved, so that it transmitted green, yellow, and red rays 
which it previously absorbed ; but tho glasi recovered its aba)rjj- 
tivo powers as it cooled. A piece of yellowish-green glass lo^ 
its transparency almost entirely by beitig heated. Native yol- 
low orplment becomes Mood-red upon being warmed, when neai> 
ly all bnt tho red rays are absorlicd; and pure pliospliorns, 
which is of a pate yellow eoloav, and transmits freely all tho 
coloured i-ays upon being melted, becomes very dark, and trans- 
mits no light, 

Oliomislry affords nuiiiorous exaniplaa of a very slight ebangs 
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oi lunlitnji psoduung nWlato optufj iii iiii!- wliicii wcvo 
jneMDUsH (liaplianous boilic3 ( ) 

Gbiii-oi! absorbs lU tho lig^it whioli fillh wpoM i(, Jjut in kohio 
of it's ftites of eomlninlion ntid in flio tliamoud, it is higlily 
lian-ipajeiit In tho emio nininiei niciiik 1 eromo ii insparciit in 
ttioii combinations, and gold ami sihcr beiten in(o tliiu Ibrvos 
are pcimeatodbj the gieen and liliio i-ayi What hecoviiesof 
tlie liglit flinch t i\h upon ind 11 ib^orbed b> hodicK, is a quea. 
lirn w) !(' \ I nniot jct notwithshndin^ the exlensivo obKov- 
\ationi lb it lu\o boon mado by soino ot tho raoit gifted of mon, 
ftiisnor 111 niti way sati^faetoiily In all piobibihty it is per- 
minontly letinied wilhin thuir substances, and many of tho 
ovijeriineitts of cioiting iight m bodiiH ttbi,n in perftct darkiicsa, 
by tho clcotrio -fpnik and other loeins, ippoii to support tho 
idei of light becoming litont 

Nobody 13 poifoetly fiinspiiont, KotiiQ h^ht is oudoiitly lost 
in paffiing even tlirougli space, and still mom m traiii'^ini; our 
atmospliero. 

Amongst tho most otirious instanens of ib^oiption is that 
whioh 13 uiiifovynly diseovcred in tho solar spoolrum, if wo otain- 
ino it with a tokscopc. AVo thon find that tho eolouiod layt nro 
orosiscd by a groat number of dark banda, 01 lines, giunj^ »o 
liglit of any eolour; thcao are goncrally oillod Fiaunliofor's 
dark lines, aa it was lo tho indefatigablo oxordona of that c\por- 
imentali^ and by tho mi of his beautiful instrtinicnta that most 
of thoin wero discovei^ and measured and onumoratfil It is 
quite eleai that tho^ Imo? roprtiE-nt rijailnehhaipliten it 
sorbtd in tbeir pa^aga fmm the sun 1j ilio eirth, t'Sluu h 
mmo of thMn ha\(, do do«bt un(l«,!„OBO absorption \ ifhin iiii 
bmiN ot tbo oa*lVs nlnK^pliert vie bavo e\e»j roaci ti le 
licvc with Sir John Ilfi'^phol that the pimciptl ub oiptuii 
takea place is tho atuiOi*phero of the bum { ") 
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It Ins I PR sliowii by l)i Millei timt fbi, mimbu rf hw, is 
conEinuiHy virjing willi tke altoration oi limositlaiw coinh 
iiun3,('") and tho c^sdenecs «!iicli hue liccn a(lor(li.d of ptcii 
!iar states of ibsetpfioii by Elia gaseous t.fticIopo of tiio i*aitb 
iliiviiig the prosccuhon of mve'.hgitioits on the chomical ageucita 
of tlio sun's rays, are of a sutfioietitly ceiiviiiciitg chanictci-. 

Tt has been calcHiatod by Bougiici', that if our atinospboi-e, iti 
ils purest state, could bo estcrulcd radicr more tban 700 milua 
fioiii tlio carlli's surface instead of iienily dO, as il is at pvcECiit, 
tlio sun's rays could not penetrate it, and tins globe would roll 
on in darkness and eilencc, witliout a vesligo of vcgelablo form 
or of animal life, TJio same caleulalion suppopos tbat sea-water 
loses ail i(a (raiisparcncy at liie dopfli of 730 feet; but n dim 
twi!ij;!it must prevail muoli deeper in t!io oecan. 

'J'be re^oarcbes of Professor lidward Forbes Ihivc proved, lliat 
at (lie doplli of 230 falhoms in tho Ai^cm Sea, the few sliollod 
aruniala tliut exist are colourlc^i : no plants arc found ivitbin thai 
■/one ; nnd that indnstriouB naturalist Skos the kbvo of aniTnal life 
of thoEO watoi« at about 300 fafboms. C') 

Our atnioKplievc, charged with aqucony vajwnr, serves, beyond 
flio supply of osygen it eonstantly affords for tho support of life, 
to ehield m from the intense action of the solar powers, Xiy it 
we are protected from tho desltuetii'o influences of the snn'a 
light and beat, and enjoy those modified condifions which aro 
niost conducive to the healthful teing of organic forms ; and (o 
it ive owo " tho blue sky bending over all," and those beauties 
of nioraiiig and evening twilight of whieli 

Soand and motioa own the pofon6 sway, 

liesponabg Xo tho ehatm with its own rajsiciy. 

To defective transparency, or rather to variations of it, wo nnist 
Hitribute, in part, tho colours of perracablo niedia. fhus, aghm 
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or fluicl iip|M!RY3 yellow to tlio eye, boomse it has tlte pvoperiyof 
iidmiltitij; the periiicatioii of a Iswger qnnntity of Uio jelliiw rays 
tbau of Hny othei's ; ~ red, bjcawso tlio reil cays pa^ it witli llio 
greatest freedom ; and so on for every olhor coloHr. In most 
ernes Ihe powers of transriiission mid of roHcRtion «ve s'tmibv ; 
])Ut it is not so in nil; n vaiiely of (lie Dciby^tiirc Muor apaT, 
and the precious opnl, arc striking instances to t)ie contrnry ; 
and some glasses wlueli transmit yellow liglit vufleot bliio ; and 
a polulion of quinine in water aeidulalod w itii tartaric or sulplutr- 
io aeid, allhoiigh perfectly Irnnsparoiil and colourless when liold 
between tlie eye nnd ttio iiglit, reflects, if viewed in a particular 
direction, a lively cerulean tint, Tliese eftocls being due to the 
conditions of tlio surface, liavo Ijccii called cpipolic phonoinciia. 
("') Tlioro are some diflioiillies about llic questions of transpa- 
rency, wliieli ivo sliall seo presently arc not satisfaclorily explained 
upon ciilier of the received theories of light. 

It la a gcnerni law of oU the radiant forces, tliat wliCnDVOr 
they fall upon any snrface, a pcniton is IhvovEn back or reflected 
at the sauio time as other portions aro absorbed or Iransniitted. 
Ujion this peculiarity appear to depend the phcnoiiiona of natural 
colon r in hodics. 

The wbito light of tlio sun is well known to bo composed of 
Kovoral eolonrcd rays, Or rather, according to tlio favorite theo- 
ry, wlion the rate at wliicli a ray undnkfos is alforud, a difforont 
sensation is produced njion the optto nerve. Tiio analytical ox- 
amination of this question shows that to prodnco a rod ejilour flio 
ray of light must give 37,040 undulaliona in an inch, and 4ti8,- 
000000,000000 in a second. Yellow light requires 44,000 un- 
dubtions in an inch, and 535,000000,000000 in a second ; whilst 
the cITect of blue results from 51,110 uitdulntions within un inch, 
ami (ja-.?,OOOOOO,OOO0OO in a seeomi of time. Sndi results ys 
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these arc among tlio liiglicBf. rofmoniLiif? of science, anil, wlien 
coiitrastctl i^itli tiio most sublime efioi ts of tlio iiiingi nation, appeap 
immeasnvahly superior to them ("j 

Tf a body sends baekwhito light unohangod, it appears white; 
if tbo suffaoo has the propeity of altering tito vibration to that 
which is caiculated to prnduco lediiees. tlic restiU is a red colour ; 
ttio annihilation of Itio iiuduktions produces blackness. By tlio 
other view, tlio beam of white light is supposed to consist of cer- 
tain coloured rays, eacbof whieb has pliysico! properties pceullar 
to itself, and thus is capable of producing dilfercnt physiological 
cfl'ects. Tlicso rays falling upon a transparent or an opaque 
liody svifTcr more or lew ahborpiinn, and being llius dissevered, 
wo imvo the cftecl of colour. A red body absorbs all the rays 
but the red ; a blue surfiieo, all hut the hluo ; a yellow, all but 
(he yellow ; and a bl.iek suifaco ab,,oi-bs the whole of (ho light 
whicli falls upon it. 

'Xhat natural colours arc the rcs»ilt of white light, and not in- 
nate propeitics of the bodies fhenisclvos, in most conelusivoly 
t^iiown by placing coloured bodies in monoeliromntic light of 
nuotber kind, when fboy will appear either of the colour of the 
light, or, by absorbing it, bceonio black ; whereas, when placed 
in light of their own charaotei', (lie intensity of colour is greatly 
iucroa'-ing. 

I'ivoTy suifaee ha'^, therefore, a peculiar constitution, by wliicli 
it gives ri^e to the diversified bues of nature. The rich and 
lively grecw, wbiob so abundantly overspreads the surface of the 
earth, tlio varied colours of tlio flowers, and tho numberless tints 
of aninnala, together with all tlioso of tho produetiojts of the min- 
eral kingdom, and of tlso attiSeial eombinations of cbemisit man- 
ufneturo, icsuU from powers by whiob the relations of matter (o 
light aro rendered permanent, until its physical condiliona un- 
dergo some change. 
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'i'hore is a romavkablo eorrespoiviJoMoo Iietiteen Uio geojp-aplii- 
eal iii»itioa of a region and tbe colours of its planis antl animtt^. 
Wilbiu the (ropies, wliovo 

"The ?Mn sliinps for c\<.t i nctnnf,iillv bright," 
tlio ilnikcst gictn pioMiis omf tlio hi\o<i of fArnits; (ho flowavti 
iiml fiaiH mo {iti;,liiic<l with colouis ot iht, dcopcfit Sye, wl'ikt 
tlio pIum-t{,o ot the birds is of llio most, \niiogutc(l doxarii>tion 
iind of Iho ricliL&t liucs Tri llio people iilso of tlicso olimes 
tlioio IS nnnifctloil i Jc-iio foi llie most slriliiiig coloura, and 
Ihoir ilic'scs Ihno all a di-dnguisliiitg (.Iioraclcr, not of sliopa 
iiicrelj but of cluoinitie arrnngetnents In llio tcinporato cli- 
]iiitcsc\ci>tlitngisof a iiioio f.ukhn.a \niKty : tbe flowora nro 
Ics bnglit of liue, tlio pn,v iiling lint ot ibo winged Iribcs in a 
russct ItiOiui , and tlic diesses of tlie inhabifinla of tbei?o rcgioiiH 
are of 1 tombro cb-ipnotci Tii (bo coldei portions of tlic oavth 
tbero IS but littio coloui , tho flowoi-h nio generally white or yel- 
lows nnd tlio nnimala o\lubit no otiiu contrast tlinii itiat wWh 
wbito and blnck afford. A cbroiiiatio scalo iiiiglit bo formed, its 
liiaxiniuiii point being at (bo eqimlor, and its niininium at the 

p.i.,.(") 

Tlio intlHcnco of ligbt on tlio colours of organised creation is 
well shown in the sea. Near llio slioroa wo find sea-wcedB of iba 
inoat boantifdl tinctiires, particularly on tho reeks wbioh avo loft 
dry by the tides ; and the rich hues of tbo aolinifo, which inhabit 
ahallow water, must have been often obaotvcd. ^i'ho fishes which 
swiin near tho surface aro also flisttngutahcd by the variety of 
their colours, whereas tbopo which live at greater dcptlia aro gray, 
brown, or bkok. It lias l>cen fonnd that aftoc a certain depth, 
where tbo quantity of light is so roducod that a moro twilight pro- 
vails, tbo inhabitsiils of the ocean become nearly colourle»?s 
TN* the Exit's ray alono giyca to plants tho property of rcflecl- 
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iiig colour is pvovcd by tho process of Uniichiiig, or tlie etiolated 
fitiito, produced by Rrtificially cschiding them ffoiii liglit. 

By a triiiiigiilaF piece of glass, a prism, wo aro enabled to 
rca)lvo light into its ultimate rays, The wliito poneil of light 
ivliieh falls on tlio first surfnee of the pcism is bent from its path, 
and coloured Jinnds of different colours are obtained, 'i'huKO 
bauds or rays observe a curious eon stancy in tlieir positions : ibo 
red ray is always Ibo least bent out of tlio straight 'pafb : Ibe yel- 
low claB8 comes next in tbo order of i-cfVangibility ; and the bhio 
!iro the most divevled from the verlox of the prism. Tiio largest 
ninount of illuminating power exists in tho yellow ray, and it 
diminishes towards either cnd.(") It is not uninteresting to 
olisorvo something like tho same order of colour occurring at each 
end of tho prismatic spcctniiu. The sirict order in which the 
pure and mixed coloured rays jircsent tbomsclves is as fol- 
lows : — 

1. Tho extreme red; a ray which can only bo discovered when 
the eye is protected from the glare of tho other raya by a cobalt 
blue glass, — is of n crimson character — ^a mixture of tho reri 
and thefi^Kfl, red predominating. C*^) 

2. The red: the first ray visible under ordinary eireumstanees. 
S. Tho orange: red passing into and eombining with yellow- 

4. The i/ellow : tho most intensely luminous of tho rays. 

5. 'flic yreeti ; the yellow passing into and blending ivith tho 

blue. 
G. The Mve.- in which tho light very rapidly diroiniKhcs, 

7. Tho indigo: tho dark intensity of bine. 

8. The violet : the blve mingled again with the red-— blue being 

in oxeei«. 

9. I^m lamnder grmj : a neutral lint, produced by the combi- 

nation of tho red, blue, and yellow rays, which is difcovercd 
most easily when (ho spectrum is llii-own upon a sheet of 
tumeric isapor. 
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Ncwtoii rogaiiJed Uie spoctrum aa couBistiiig of seven ooloitrs 
of definito and unvarying icfinngiSjility, Browstcr anii otiieni 
Hppo.iir U) liavo dcteeted a gi'cat (liffusion of Uio colours over tlio 
speetram, and regard ■nltito light as condsting only of tbreo rays, 
wliioli in tho Rpeefrum overlap oacliotlier; and from Ihesa — rcil, 
yellow, ami blue — all tlio others can eoilainly bo formed by com- 
liinatioii in varying prop or lions, 'i'iio truth will probably bo 
found to bo, that (lio oidinary prismatic BpccUnm is a compound 
of two Spectra. Wo liavo nlrondy osaiuiiiGd tho heating powor 
found in various parts of llio spoetrHni, wliloli, although shown 
to bo ill n ronsarkablo manner in constant agreement Milh tho 
colour of a iiarticular ray, is not directly connected with it ; that 
is, not as tho ofl'cct of a cause, or the contrary. The chcinicol 
action of the fiolar rays, to which from lis im|>Drtant bearings wo 
slioU devote a fseparnto chapter, has, in liko iiiannor with heat, 
boon confounded ivith the sun's luminous power ; but although 
asaoeialod with light and lieat, and modified by their pretence, it 
must be dislioguished from tbcm. 

Wo find tbo niosinnim of heat at ono end of the spectrum, atid 
that of cliomicBl e.-scitation at tho other — Inriiinons power observ- 
ing a juean point between thorn. Without doubt wo bnvo all 
those iM>wer3 acting reciprocally, modifying all tho phonomona of 
each other, and thus giving rise to tho difficulties whieli bcKct (ho 
inquirer on every aide. 

Wo liave beautiful natural ilUtslratioiisof luiniiioHS refraction in 
the rainlww and in the halo : in both eaeos tho rays of light being 
&e|»)ratcd by tho rofroctivo power of tho fulling rain or the mois- 
ture wliiell eonatitutos a fog. In tho simple toy of the child — 
tJiO soap-bubble floating upon thoair— thophiios)pher finds sub- 
jects for his eootempktion ; and from the tinrivalied play of 
coloiirs which ho discovers in that attenuated film, be leams that 
Iho varying thickncMos of tlio surfaces inlluence, in h inDst 
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iciiiavlinltlo innniicv, Ibc colours of fiiu buiiIiubvh. Films oF oil 
flimliiig upon Kiitcr iivesciit similar apiiearances j ntul ilie eoioiirs 
}iroduood in toniporlng stcol, aro due entirely to tite tbickiiCBs of 
tho oxiijhod sHrfaeo jtroiUictd by lient Tlio rich play of lints 
u[K>n mothor-ot pesil m the Latlier^of many binla, tho rings seen 
in llio ornolia ot jock cryslil or bolwoon tho unc(]^unl faces of 
two picocs of glass and produced by many cticniical and indeed 
mechanical operalioiis — aro all oiring lo tlio fiamo eaiise ; thai is, 
to (he interference of light, or to rays proceeding from the same 
source, but erossing caoh othor at very acuto angles. Tf we lalio 
one of (hose slcel omanionls which aro formed by being covered 
ivitli an immense number of fine lines, it will be evident that 
these slriio present many difleront angles of reflection, and tJiat, 
consequently, tho rays thtomii back will, at some point or anolber, 
havo a tendency to cross each other. Tlie resnil of Ibis is, tliat 
tho quantity of light is augmented at some (Xiinls of inlei'scetion, 
and nnniliilaled at others. (»') Out of tho investigation of tho 
phenomena of difTraction, of the effects of thtu and thick pintoa 
upon light, and tho rcsHlis of interferonac, hiis arisen tho discov- 
ery of one of tho most remarkable condiliona within the range of 
physical seieiico. 

Two bright KgkU niaij he made to produce darkness. — Xt 
two pencils of light radiate from two spots very close to oauU 
other iu Biieb a manner that they cross each other at a given 
\mnt, any object placed at that line of interference will bo illu- 
minated with Uio Bam of tho two luminous pencils. If wo 8ui>- 
p(SB thi^j raya to move in waves, and tho elevation of tho wave 
to vepresoni tho masiinuni of luunnoua cffeet, then tho two ^¥ave« 
nieeting, when they awi both at tho height of their undwlalioii, 
will necessarily prodaeo a spot of grater intensity. If now wo 
!^o arran^ tho (wiais of radiation, tbat tho syttonis of huiiinouii 
waves proceed irregularly, and that one airives at the sevtun 
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Jmlt' ail undulation boforo tlio oilier, {ho one in eleviitioii foUiiig 
into the dcprOEsiou of ttio other, it intifual annihilntioii is tljo 
conscquonoB. This fact, paifuloxioal as it may ap|>ear, was 
iiroadiy stated by (irimaldi, in (ho dewriplion of itia exiperimenfa 
ou tlio inHoelinii of liglit, and has hecpt obscivcd by many olliers, 
Tho vibratory hy|)otheBis, soiziiig upon tlio analogy prcaoiitod by 
two systems of waves in water, cxplairiH this plausibly ; but bUU 
upon oxoiiiiniifion it does not appear that tho csplanation in 
<|ui(o fiee fiom olyeefion.C*) 

Aiiolhor theory, not altogether now to u^, being iiulicatcd in 
Mayor's hypothesis of three piimaiy colours (lllty). and to bo 
found as » problem in some of tho Kncyolopaiclias of tho last 
oontuiy, lias been put forlh, iu a very oiigiiial luaniicr, by that 
mahleiwiiind of intellectual Germany. Uoulho; and from the very 
compiohonsivo views which this ])oot-pliilosopher has (akoii of 
both artinial and vogetabio physiology (views which havo been 
adopted by souie of flio fiut naturalists of Kuropc), we are 
bound to receive his theory of colours with every respect and 
attantiou. 

Goiitho regfti-ds colour as tho " thinning " of light ; that in, by 
obstrueliiig a portion of white light, yellow is pi-oduced; by re- 
ducing it still farther, rod is supposed to result j and by yet far- 
ther retarding tho freo passage of the beam, wo procure a blue 
colour, which is tho nest remove from blaclfneps, or tho absoneo 
of light. 'Xliero is truth in this ; it bears about it a simplicity 
wbioh will satisfy many niinda; by it many of tho phenomena of 
colour may bo oxplained ; but it is insuflioient for any inter- 
pretation of Bevetal of tlioso reeoudtb laws to which tlu! nthoc 
tlieories do give hs sonio insight, 

Nowtou may havo allowed himself to bo misled by tho anal- 
ogy proMnted between tho seven rays of tho spcotnim and tho 
notes ill m octavo, f ha mystic number, seven, may havo d«ii" 
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Hire a fibro of tho web of suporstirson to tlio eloak of Uio great 
philosopher; Ijiifc the alt.iok nindo by Goijrtto upon the Nowloii- 
iim pliiiosophy botraya tlio molaneboly fact of Jtis lieing diseased 
ivilli tlio lameniablo weakness of too uinny uxalfod minds— an 

'i'lio polarization of light, aa it lias been unfortiinatoly enlled 
— ■iiiiforluiiatoly, as conveying an idea of deteriiiiiialo and dilFoi'- 
oiitpoinla or ]K>les, wliioli only o\ists in fheorcfical analogy — 
I'vcsonts lo us a class of plienomona which pioinifc to iinclobo 
(he niystoiious duora of tho molecular conslitatioii of liodics. 

To gi\o a familiar illuglration of tho distinction betivoen oidi- 
liaiy and polnrixed light, wo will suppose tlio ihd of a cylinder 
having a mirror at one ond of it. If wo point this to tho sun, 
and icccivo tho reflected imago on a distant scieon, tto may 
luni tho eylindov round on its axis, and tho letleeted ray will 
bo found to levolvo constantly and regularly with it. If, now, 
iiisfoad of receiving tho ray direct from tho stin, we allow a 
}ioam renectod from a glass plalo at an angle of about fi {" to 
fall upon Iho minor, and then bo rofloeted on to tho tereoii, 
it will bo found that tho point of light has not tho ffaiiia pio^)- 
eriies a« that previously examhied ; it is altered in ih dcgico 
of intensity as tho cylinder is turned round, has jiointa of 
greatest biighincss, and others at whleh it is lost in shadow. 
'L'ho pftlaiiKed beam has been well compared to "a long, flat, 
straight stick," having sides, tho ordinary ray being rcgaided a» 
cyliudrloal. This ramarkable cbaugo, aa produced by tho refleo- 
(ion of the ray from g!as.s, was Orst observed by Mains, in 180S, 
O vi^'i^ amusing biraBolf by looking at tho beams of the set- 
ting sun, njflectcd from tho windows of tho Luxembourg Palace 
thraugh a doublo-rofrflclmg prism. Tho samo foot was, however, 
noticiid, in tho firat insfsuco, by Krasmns Barloltn, in Iceland- 
lijjsr, a erj'st^il, tho primary form of which is a rhombohodron i 
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v)\ii} porccivctl tlmt tho two tmagfls prodtieod by llib iiosJy woro 
not in tho Banio pliysieal conditions. ('*") It was also KtudiiHl by 
Iluygbons aiiil Sir Isaac Nowloii, and t« our eoiiDtryinan b dno 
the singiikv idea tbat a ray of light emerging from auuh a crys- 
tal has sides. 

It must not bo considered tliat Hiia cliango In tlio cliaractov of 
tbe luminous beam is duo to any of tlio jMJWcrs of reflcclioii or 
refraction of bodies; it is a property of niidtcr indopondent of 
tlie other modes of aotion wineli it exoi-cisea ovor liglit. 

'The variety of striking effeela produced by tbo pokri/alion of 
3iglit; tbo unexpected results wliicK have sprung from tbo inves- 
tigation of the laws by which it is rogulalcil ; and the lingular 
beauty of many of its plienomcna, have made it ono of llie moat 
attractive subjects of modern science. 

Ordinary light jjasses through transparent bodies, ivilhout pro- 
ducing any very strilfing effects in its pBaia^o ; but it would ap- 
peal; tliat this thin band, thia eMraarMnary beam of light, has 
tho power of insinuating itself liotwcon Iho nioleculos of bodies, 
and by illuminating thom, of enabling tho eye to defect something 
of tho striBJturo of tho mass. 'The ehromafie phenomena of 
po!aria3<l liglit are bo striking, that no description can convoy an 
adequate idea of their character. 

Spoctrn, more beautiful and intense than tbo prismatic image, 
systems of tings far oseoHing those of thin plalee, and forms of 
tho most symnietric order are constantly presenting Ihomselves as 
tho polarized ray is passed through various transparent substances. 
]Jy altering tbo molecular arrangement of these bodies, either by 
boat or by pressure, a now ordf^r of phenomena at once pro^cnli 
tbonsselves, and by meansof thoiKilari^ed ray of light, differeniies 
in tbo ohemieal constitution of bodies, too siight to lie discovered 
by any other mode of analysis, can bo most readily and eeilHlnly 
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AU1imif;l\ wo entiiiot enter into oiiy exnini nation of nil tlm coii- 
ililioiis involvod m the jiolari nation of Ii«lit, mid tlio action of 
iHattor upon ordinary light, or shon it la in ibis peculiar Ktate, it 
will 1)0 readily coueoived, from what lias been alreafly stated, tlmt 
^omo most iiiiportant propctlies are indicated, beyond tliose wliioh 
Kcicncolias inidc k \ n 

W y n this fitnto of polari^ja- 

''"1' (1 o (letci'niino ; ive aro, 

^">'K<i\ n y li necessary and moat im- 

p g the industry of oxperi- 

g b add this knoivlodgo to 

)0 pears to Imvo the power 

; po -ay, as may bo sadsfiie- 

g y b tU a polarizing appaia- 

(olarized light, ivhich is 
IS blue and unclouded, anil tbo jwintof 
s vavied according to the relative position 
of the sini and the observer. (}"') It has been stated, that cbo- 
niiea! change on the Daguerreotype plates and on phologmphio 
impera is more readily produced by the polavixed than by the 
ordinary sunbeam. ('"') If ihig fact bo established by future iii- 
Yi;!- ligations, wo advanco a stop towaixls the discovery so much 
def-idorafed of the [Kivt it plays in natural operations. 

'J'lie relined and aeeurato investigations of Dr. Faraday stand 
jiroinincntly forward amid those which will redeem the present 
age from the charge of being superlioial, and they will, through 
all time, be referred to as illnstrlous oxnmplea of the influcitee of 
a lovo of truth for tnith'a sake, in entire independence of Hie 
inarketnblo value, whieh it has been unfortunately loo mnob the 
fashion to regard. 'I'ho soanshing exansi nation made by this " in- 
terpreter of nature " Into the phoaomona of electricity in all !l« 
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forms, has led blm ouward to tcneo wliat coiinoslon, if any, ex- 
hloA between tbis great natuval ngentaiid tho luininoii>» ptiiidplo. 
liy employing that aufetile analjuor, a polarized my. Dr. 
Fntaday bas Jieen enabled to defect and cxliibit effiwts of a ino^ 
BtarlHiig ebaractei'. It has ap|)cared to him that bo Ima provud 
HiHgticlUin to havo flio power of iiillueiiGiHg it ray of light in itt) 
passage Ihvough Iransparont bodiea. A polarised ray is passed 
through a piceo of glass or a crystal, or along Ibo length of a 
tubo filled with some transparent fluid, and tho lino of its jiath 
carefully ohsurvcd ; if, when this is done, tbo solid or fluid body 
is biDUght under powerful niagnelic influcnco, sucli as wo havo at 
oomniand by nuking a very onorgotio voltaio current eircutato 
aMund a bar of soft iron, it ffill bo found that tho polari/.cd light 
i^ diKlurbcd ; that, indeed, it docs not permeate tho medium 
along the same lino,("") As this offoct is most Ktrikmgly whown 
in bodies of (ho gi'oatost density, and diminished in Jhuds, tho 
partiolea of which are easily movable over each other, and lias 
not hitherto been olKorvod in any gaseous medium ; the qucslion 
b;^ arisen, — does magnotisni aet directly upon tho ray of light, 
or only indiroctly, by prodaeiug a molecular change in the body 
through ^yhioh tho ray Ls |K)^ing? This quoattou, m iniporlant 
in Ita bearings upon tho connexion hotwcon tho groat physical 
powora, will, no doubt, before long receive a satisfactory reply- 
Without any desire to gonoraliao too hastily, wo cannot but 
express a feeling, amounting to a corteinty in our own mind, that 
tho^ niunifoBtstions of luminous power, oonnootcd ivith tho pho- 
nomena of terrestrial maguotisni, which are bo evident in oU tho 
eircum^nces attendant ujjou tbo exhibition of Anrora Borealis, 
and th<^e luntinous clouds whioh are often seen, ind«j)endont 
of tbo Horthorn Lights, that a very intlniate relation esists 
between tbo a>Iar radiations and that power which ko sfratigely 
gives jwlarity to this globe of ours. 
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111 coniiexioji wi(b tlio myatenous sui>joct of solaf liglit, it k 
ini])i>rlnnt tlint wo slioukl occupy a brief S|)inie in flicso pages with 
(!ii! phenomena of viBioit, which is diccelly cJopendont upon J«iiii- 
iions xadiatioii. 

1'ho humnn oyo has boon rightly called Iho " niiiaterpieco of 
divine ineohoiiisin ; " its structure is coniplicatad. yet nil tho nd. 
justinonts of its parts are as Biinplo as thoy nro perfect. Tho oyo- 
ball consists of four coats. Tbo eornoa is tho transparent coat in 
front of tlie gloho ; it is tlio first optical surface, and this is 
sittaclied to tho sclorofic nieuilifano, filling np Iho eivoular apei^ 
(lire in tho white of tlio oyo ; tho choroid coat is a very delicate 
nicmbvnno, lining tho sclerotic, and covered with a perfeotly 
black pigment on tiio inside; and elo.so to this licK tlie most deli- 
eatuly reticulated membinno tin ictim, which is in kid, m 
extension of tho optic ner\o 

Tlio ojo, in its more suporfina! ineolnnicil auiiioancnt , 
presents exactly tho unie charactei is a Cdinoia obsrina, tho 
cornea being the lens -rtlndi receives tho linages of objtdi and 
refracts them; but how infinitely jnoro beautiful aio -jII the 
an-angeraonls of tho organ of vision th m tho dark ohambor of 
Baptists Porta !(■*) Arranged within tins globe wo ha\o tho 
Hciucous humour, orystalbnc Ions and the Mtuou^ humour tho 
liiHt is n watery fluid, and tho la^it a golatuious one, wlnlo tho 
ciystuilinc lens Is a Uttle c tpsulo of flmd niombramcoous nnllei 
'i'lieso are for Iho purpose of eorrocinig my aberrations of light, 
which aro SO evident in ordinary lenses, and giving to tha wholo 
an Msliromatio aharactor, in which so perfect is averytbing in 
form and arrangement, that both spherical and chroraatto aberra- 
tions aoj corrected, and by tho agency of tho cornea and tho 
orystallino lena, por&iot images ore depicted on the retina, in a 
iiiuiikr way to those very charming pictures which jirosent them- 
Helves in tho table of tho eamom obscuta. 
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'i'iio scat of \is'iou lias been geiiflrally Ktipi^scil to Ijo the 

rotUia ; but Mariolto has Bhown tliat tlio base of tho optic nerve, 

which is idiHiediately conncclod sviili tho rcliiin, is incnpablo of 

eonvoyiiig oa impvossion to the brain. TUo choroid coat, wltich 

lies iiomediatoly behind tho retina, is vognrdeil by Mariottc and 

JR u b so n. Tho retina, being 

p fl b h Bsago of tlio light ori- 

w b k coat, from which tho 

led to tho rotinn and 

y h h I w or Iho other of those 

d ad g od by liglit, and tho 

n d w h ibly by a vibratory 

y vision to tliis point ; 

d f gh fl ring in volooity and 

g g niorsinthoneuralgio 

y b aro to coininuniealo 

correct impressions of length, breadth, anil thiclmcsB, no otio has 

yot wndortakou to explain. 

It baa, liowevor, been justly said by ITcn-ohel : " It is tho 
haast of acionco to havo been able to trace so far the refined 
contrivances of this most adniirablo organ, not its shamo to find 
something stilt concealed from scrutiny ; for, howovor anatoniislil 
may differ on points of strnctnre, or physiologists disjnito on 
modes of action, there is that in ivhat ivo do understand of tho 
formation of tlio eyo E^simihr ind yet so inltnitoly superior to a 
prodnet of huntan u)j,enu ty , i^ucb thought, such care, snob 
reftnoraent, such advantage talicn of tho properties of natnral 
a^nls used as meco insiramenia, !i>r accomplishing a given end, 
as force upon us s eon\iotion of deliberato ehoice and premedi- 
tated design, mom strongly, jjerhaps, than any single eontiivanco 
to be found whether in art or nature, and renders its study «n 
object of the greatest iuterest. "('"') 
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Analogy often is of grcfit yaluo in indicating tlio direction in 
wliich to ficok for a truth ; b«E analogical evidenco, «nlc^ vi'lioro 
tlio rciiomblanco is very strilting, sliould bo reeoivcd witii cnnClon. 
Mankind are so ready to leap to conclusions iviUiout the labottc 
licccfsary for a foitliful elucidation of llio kntli, tliat too ofton a 
fow [loints of reteniblanco avo Eoized upon, and an infcronco is 
drawn whicli is calculated to mislead. 

I'licro is a vagiio idea that the plienoinoiia of sound boor a 
relation to tlioso of lirjlit, — tliat tlioro exists a faint resemblanco 
liE'liveuii tlio clu'om»li(i and tlio diatonic scales. Sound, wo know, 
is conveyed by tlio healing of niatcvinl particles upon llio auditory 
mombrano of the ear, wliich liavo been sot in motion by some 
disf.int dislnrbanco of tho medium through which it passes. 
Light lias been supposed to act on tho o|ilio ncrvo in tho Enmo 
manner. If wo insagino colour to bo Hio result of vibrations of 
diffci'ent veloeilics and lengths, wo can understand that under 
some of tlieso tremors, first established on tho nerves, and through 
Ihoni convoyed to tho brain, sensations of pain or ploasuro may 
roKuSt, in tho saiiio way as sharp or subdued Kounds ore disngreeablo 
or otliorwisc. Jutcnscly coloured bodies do make an impression 
uj)on perfectly blind men ; and tlioso wlio, being horn blind, 
know no condition of light or colour, will jioiiit out a difieroneo 
between strongly illuminated rod and yollow madia. When Uio 
eyes aro closed we aro sensible to luminous inlluencc, and oven 
to diUbronccs of colour. We nuist consequently infer that light 
produces somo peculiar action upon tho systoiii of nerves in 
ncncml ; this may or may not bo independent of tho ohomieal 
agency of the solar radiations; but certainly ilio osoitomont is 
not owing to any eslorifio inflaoneo. 'Jlto system of ncrvi!s in 
the cyo is nioro doUcatoly organi?.ed, and of coureo piiculiavly 
ndnptcd to all the necessiiiea of vision, 

'j'hns far some analogy does appear to exist belwoen light and 



h, Google 



114 



sound ; lull tlic pliotioincna of ttie dim are so much iiwro refnied 
tlmii tlioso of the othct ; — the iiit|)vcssion8 being, nil of tliuiii, 
of a far more compHeatcd charactcp, that we niHst not tic led too 
for by ilio analogical evidence in referring light, Uko sound, to 
mere material motion. 

It wns a beautiful idea that real impressions of cxiornal ohjocts 
aro made uj)on the scat of vision, and that they arc viewed, as in 
ft picture, by something hchind tlio screen, — that Hiefio pictures 
I)ccomo dormsiiit, h\it aro capable of Icing revived by llio opera- 
tions of llio mind in peculiar coiidilioiis ; but i»o can only rcgJird 
it as a philosopliical speculation of a hi^li order, the trulli or 
falsehood of whicli we aro never liliely to bo enabled to es- 
tablish. ("«) 

'I'hat which sees will never itself be visible. 'J'ho secret prin- 
ciple of sensation, — tlio mystery of the life tliat is in us, -— will 
neror bo unfolded to finite mind». 

JSTumeroHs experinienls have been mado from time to time on 
tho influence of light upon animal life. It has been proved tliat 
fho oxeitei«ent of tlio solar lays is too great for tlio tiBalthfnl 
giDwIli of yonng animals; but, at lite i^imo time, it appears prob- 
able tlial fho development of tho functional organis of animals 
ic<],wires in some way, the influence of Iho solar rays. Thia 
miglit, indeed, have been infeired fiom the discovery tliat animal 
lifo ceafces in situations fioni wbiuh light is absolutely excluded. 
'i'iie case of tlio Proteus of the Illyiian lakes may appear against 
this oonolusion. This remarkable creature is found in the deep 
and dark recesses of the ealeai'eous rooks of Adolsburg, at Rit- 
tich, and it is stated also in Bicily. Bir Humphry Davy de- 
peribos the Proteus anguinus as " an animalto whom tlie presence 
of light is not essential, and who can live indifferently in wir and 
in water, on the surface of llierocli, or in the depthsof the mud." 
TliC geological cliaracler of xoaku, however, renders it extremely 
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[irobablo tlint t!ii;5c animals may have tlesocndcil wiHi the vidtr, 
pcrcoktiHg through fissHres from very imar tho sovfaeo of llie 
ground. All tho facta «ith whieh scionco haa inado us ao- 
iiuainted — nml boih naittral and phyeioal science has been lahour- 
iii|^ with most untiring industry in the povKuit of truth — go to 
i>rovo tliHt light is nksohitoly necessary to a ga at on It is 
possible, the iiiflHCnoo of the Eolar raiHatio smiy c\lc 1 beyond 
the powers of Iho human snuaea to tlete t 1 no s tl ermio 
action, and that conscquenlly a deTolopne t f lo vcgct- 

nhle forms may occur wlievo the eyo en 1 tc t o I {,1 1 ; and 
iiiiilor SHcli conditions Ibo Proteus may bo piodueed in its env- 
crnoiis abodes, and also those ercatxircs whieh live bnried deep in 
mud. Sonic further consideration of tho probable agency of light 
will occupy ua, when wo come to examine tho plicnoiiioiin of vital 
forces. 

T.ight is osscntiaUy ncceE^^ary to vegetable life ; and to it Eci- 
enco refers the ]>owcrs nhicli liie plant possesses of separating 
carbon from tlio air breathed by the leaves, and secreting it wiUiiii 
its ti^HCS for the purpose of adtliiig to its woody eiructuro. As, 
however, wo have, in the growing plant, tho notion of Kovoral 
physical powers escrted to diftcrent ends at the .sanio limo, tho 
remarkable facta which connect themselves with vegetable ehcin- 
istry and physiology are deferred for n se[iarato examination. 

Tho power of the solar rays to produce in bodies that peoulinr 
gleaming light ivliicli wo call phosphorcsccnee, and the cnriona 
conditions under which this phenomenon is sometimes apparent, 
independent of tho sun's direct infiuoneo, present a very remark- 
able chapter in tho eoseneo of luminous powers. 

The phosphoregeenco of animalsis amongst the moat surprii^iii^ 
of nature's phcimmena, and to us is not tho less so from our 
alm&it entire ignoranco of tho cause of it. 3Iany very poetical 
faiieics have beeu applied in description of these luminous erea- 
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tioHS; Olid imagiiiatioH has founij roasons why tlioy sliOuW bo 
gifted witli tlieso extrao^linary powers. Tho glow-wotm lights 
hoi- lamp to laro her lover to bov bower, nnd tho luuiiiioiis animai- 
culoB of tho ocean tire eraiJoyetl in lighting up tho Mioniloss 
depths wliero the sun's rays cannot pencirato, to aid its: nionstei^ 
in thoir search for prey. " Tho lamp of love — tho pliaros — 
tho tolograj)]! of the night, — whieli seinlillalcK and innilcs, in the 
Bilciiea of darknoas, tho spot apiioiiitod for (he lovor'a rendoz- 
vous.'X"*) is hut a pretty fiction ; for the glow-worm Bhinofl in ifa 
infant state, in that of tho Inrvn. and when in its unrelian con- 
dition. Of (ho dark depths of the ocean it may lie Balbly 
nlTirnicd that no organised creation lives or moves in its gravoliko 
eilenco to rcquiro this fiiirj-lilte aid. l^'iction has frequently bor- 
rowed hor eroations from scioiiee. In those cases scionco appears 
to have inado free with Iho rights of fielion. 

Tho glow-worins (^iampi/Hs nocliluca), it is well linown, havo 
Iho imvftiT of emitling from their bodies a beautiful p.-ilo bkish- 
whito light, shining during the lioora of night in tho hedgerow, 
like crystal spheres. It appears, front the ob.'icrvaliona of natu- 
ralists, that (I)oso insects never exhibit their light mthout soma 
motion of tho body or legs; — fi-oni this it would noom that tlio 
phosphoreseonco was dopoixient upon sonio nervous action, regu- 
lated at pleasure by tlio insect ; for thoy oertatnly have tho powov 
of obsouriflg it, entirely. If the glow-worm is oiiislicd, and tho 
hands or faeo aro rubbed with it, luminous streaks, similar to 
those prodnood by phospliorug, appear. 'I'hey shino with greatly- 
iiioroasod brilliancy in o.^ygon gas and in nitrous oxide. From 
tlieso lUoti* may wo not infer that tho process by vphieh this hnnin- 
osity is produced, wbafeYcr it may ho, lias a strong rosenihlanoo 
to that of resptraf Ion ? 

I'here avo several varieties of flies, and Ihvce species of beetles 
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of tlio genus JSlaler, wMeh have tlio povverof oiiiitfiog iHininoiia 
rays, Tlie gfoat lanlcrii-iiy of Soufb Amutiest is one of ilie iiiosfc 
brilliant, a Binglo insect giving Buflicient light to cnnblo a ^atmii 
1.0 rend. In Surinam, a very nunieroiiK class of these insects are 
fouud, ivliieh often illuminato tho air in a remarkable wianneir. 
Ill Kome of the bogs of Ireland a worm exiaf« wliich given out a 
bright green light ; and there aro many other kinds of creatures 
ivhich, under certain circuioBlances, become luminous in llio dark. 
This is always dependent upon vitality ; for alt thcso animals, 
ivhcn deprived of life, cease lo shino. 

At tlie KaniQ time wo have many very curious instances of 
phosphorescence in dead animal and vegetable mallcv; the 
lobster among tho Crustacea, and (he whiting among fishes, 
are striking examples: decayed wood also emits much light 
v!nder certiiin conditions of tho atmosphere. This dovcbpuient 
of light does not appear lo bo at oil dcjiondent upon put refaclion ; 
indeed, as this process progresses, the luminosity diminishes. 
Wo cannot but iniagino that this light is owing, in tho first place, 
to direct absorption by, and fixation witliin, the corpusenlar struc- 
tuto of those bodies, and that it is developed by tho dceoHi- 
positioii of tho particles under the intlneneo of our oxygenous 
atmosphoro. 

'X'ho palo light enutted by phosphorus in tho dark is well 
known; and this is evidently only a species of sloweninbuslion, a 
combination of tho phosphorus with tho oxygon of tho air. Wtioro 
lliovo is no oxygen, phosphonis will not shlno; its combustion in 
(ililorlno or iodino vapour is a phenomenon of a totally different 
character from that which wo aro now eonsidoring. This phos- 
phoreseimco of animal and vegetable matter has been regarded 
a^ tiomething different from tho slow combustion of phosphorus ; 
but, upon exauiination, all tho ehomical conditions aro found to 
bo tho Kiime, lij^d it is oorfainly due to a (similar ehomical ehsngo. 
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TliG ]iiiiiiiiio\is matter of tUo dead wltiting or flio mackoirel mny 
bo popavatcd by a solution of commoit Bait or of Bulpliato of iiiag- 
nma; hy coiieentvaiing tlioso solutions the light disappeacsj bufc 
it is a^in emitted when the fluid la diluted. Tbo entire subjedt 
is, liOwevor, involyad in the mysici-y of ignornneo, although it jb a 
matter quite within the scope of any indufitrioim ohsorvftr. Tlio 
self-oinillcd liglit of the carbuncle of the toranncor is realized ill 
thoso remark able phenomena. 

The phosphorescence of some plants and ilowors ih not, perhaps, 
of tlio same order as that which bolongB to cither of the condi- 
tions we have been conBidering. It appears to bo duo rather to 
an absorption of light and its Bubsoquent liberation. If a nas- 
turtium ia plucked during Kunshino, and carried into adark room, 
the eye, after it has reposed for a short lime, will discover the 
flower hy a light emitted from its leaves, 

'i'ho following roniarkablo example, and an explanation of it 
by tbo poet, GoBtlio, is inatvuctivo : — 

"On tbo I9th of Juno, 1799, lato in the evening, when tlio 
twilight was deepening into a clear night, as I was walking up 
and dovi-n the gaidon with a fiicnd, wo vfry distinctly obaervod 
a flame-like appearance near the oriental poppy, the flowora of 
which aio remarkable for their powerful red colour. Wo np- 
pwjached the place, and looked attentively at the flowora, but 
could peicoivo nothing further, till nt last, by passing and re- 
paying lopcaledly, while wo looked side-ways on them, wo B«c- 
cccded in renewing the appearance as often as wo ptea)vcd. It 
proved to bo a physiological phenomenon, and the apparent cor- 
uscation was nothing but tlio spectrum of the flower in the eowi- 
pjiisatory blue-green colour, Tho twilight accounts for the eye 
being in a porfoet stoto of I'opTOe, and thus very ensccjitihlo, and 
the colour of the poppy is suflleiontly jwworftil in the t- 
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twilight of tlio longest days to act with full effijet, aitd produeo a 
uoKipensatory imago. "("'') 

I'iio leavos of tbo mnothera macrocarpa are Baid to oxlilbii 
plioiipliovic light wlien tho air is highlj charged with electricity, 
Tho agaiies of the oUvo-grouiids at Jloittpolior bavo boett oh- 
sorved to bo luminous at night; but tlicy exhibit no light, ovon 
in (Jarknoss, during Ihe day. Tho subteriancnn passagea of t!io 
coal iiiineii, iioar Drosdou, are ilhimiiiatod by tho phoHpliorescciit 
ligtit of tho rhizomorpha. phosphor eus, a [icculiar fungus. On 
tho leaves of tho I'iiidoba pahn, a apoeiea of agaric grown \vhioh 
is oxcoodiiigly liinilnous at night j and many varieties of tho 
lieheiifl, creeping along tho roofs of oavotns, loud to them an air 
of onchaiitinciit by tho soft and clear light lltey tliffuGe. In n 
Ninall cnvo near li'alinouth, this luminous mo&» is vovy abundant; 
it is also found in tho mines of Ilesso ; antl according to lieiim- 
nmnn, tho rhizomorpha subterranea and aidulte aro also phos- 
phorescent. 

It is but lately that a plant, which abounds in tho jungles in 
tho Madura district of the Sast Indies, was sent to this country, 
M'hioh, although dead, was remarkably phosphorescent j and, 
when k tlio living stato. tho light which it emitted was oxlraor- 
dinavily vivid, illuminating tho ground for some dislanco. 'Xhtrnt 
roinarkable clftotB may bo duo, in some cases, to the separation 
of phosphorettod hydrogen from decomposing matlor, and, iti 
others, to some peouliar olcclrlc man'tfostution. 

'X'ho pho3pliero:»M3nco of tho Boa, oc that condition ealle<l 1^ 
fisliormoii h-tmg, wbea tho surfeco, being struck by an oar, or 
tho i^mddle-^hoels of a steamer, gifes out largo (quantities of 
light, liiK been attrlbutad to the pr^onco of myriads of inimito 
insects whieh havo the power of enutting light when Irritated. 
The nighi-siiiuiiig nereis (Mereis Ttoetiluoa) emits a light of 
gfoat brilliancy, as do several kinds of the nioIIttKca, 'i'hu 
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nereides atUidi tiioniselyes to the Keales of fislies, anil lliua 
fvcqutnilly vender tbcm exceedingly hiininous. Soiiiu of tliu erus- 
taeeio jiosseBS lUo same roiHarkablo property; — tvfolvo different 
lipcoies of eancer wore token up liy tlio naUitalUls of the '/-sisa 
m the Ciiilf of {iuinca-C") Tlio cancer fidgens, discovered by 
Sir JoRcph Uaiiks, is enabled lo illtiininato its wholo Imtly, mid 
omits vivid (lashes of iight. Many of tbc iiicdusa) ulso oxhibit 
powerful pbospboresconccC") 'I'lieso noctilucous oroalureH lire, 
many of iliem, exceedingly miniilo, ajvcrul tbousande boing 
foinid in a tea-cup of sea-water. 'I'licy float near tbe siirfoea in 
eounHoss myriads, and when disturbed Ibcy give out hrilliBiit 
Bciiit illation 3, often leaving a train of ligbt bebiiul thein,('"*) 
By niieroseopio examination no other faet has been olicilod than 
tliat tlieso niinuto boings contain a fluid wliieb, wboii sq^iiuc/X!d 
out, leaves a ]ino of light upon tho surfiico of water, 'i'lie ui>- 
pearaiico of these creatures is nbnost invariably on' llic evo of 
aoiiio cbuiigo of weather, wliieli would lead na to Buppi^o that 
tlicir luminOHS phenomena nnisl bo connected witb electrical 
excitation; and of this, tho invosti gat ions of ftlr. 0. Foacb, of 
I'owcy, comniunicafed to the liritiKh Association at Binning- 
ham, furnish tho most satisfactory proofs we have as yet oblainc<l. 
licnvcnuto Cellini gives a curious account of u earbunelo 
wbicb would sliino with great brilliancy in the dark. I'hii Bamo 
tiling has been Elated of tlio diamond ; but it appears to bo nec- 
essary, to procure these omissions of liglit, that the minornls 
should be flrat wanned near a Sro I rom this wo infer that tbo 
]umiiiou» appearsnco is of a anntlak ebincEcr to thit of flnoi 
spai an) of numerous other etifbj mnierah wlnUi wIku t\ 
po=edt)lcat pijosphoiesee with greit lirtUtsney I'1ii[1jou 
cent „Ijw can also bo osoited m aimihr bodies bj elufridlj is 
■was br t jiomtod out by Father Becccria and (Knfiriu I bi \\x 
I'eai aU ("*) Ihaw cftu-ta it mu&t I o rcinomboicd aio dn 
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iinut from tlio cloclvie spnrk iiiatiifestod «|ion breiikiiiK wliUo 
KHgar in tho thxvk, or sorafehiiig sulphuvet of nm. 

In tlie instances addaceil Uiero Is not nccossarily any expo- 
nam to tlio sutialiko required. It is probable that two, if not 
fliroo, (iistifict [ilienonicna (ira coiieotncil in tlio casus aljovo 
quoted, and Hiat ail of tlicin aro distinct ftoni animal i)1iok|)Iio- 
rusconoo, or tlio Inininona npponvanco of vegetables. 'I'lioy, 
Uowover, certainly provo, oithov tliat liglit is oapablo of boconi- 
ing latent, or tliat it is only a condition of matter, in wliich it 
iiKsy bo niado innnifost by any disturbance of the molecnlnr 
forces. We have, in nnsircr to iSiis, very distinct evidence that 
Kouio i)Oflies aro capable of deriving tbia property from tho solar 
rays, Canton's phospiiorns, wliicli is a siilphuret of calcium, 
will, liaving been exposed to tho sun, continue hmiinous for 
some time after it is carried into tho dark ; as ivill also tlio Ho- 
loj^iaii stone, a sulphuict of barium. 'J'his result appears to bo 
duo to a particular clas,s of tho solar rnys; for it ba« boon found, 
jl" tlieso sulphurof.^, spread smoothly on papai-, aro exposed to tho 
inlluonco of the solar spectrum for soino Httlo lime, and tUon 
examined in tho dark, that luminous spaces ap])oar, exactly 
corresponding with tho most refrangible rays, or those whioh 
oxelto ehemicut change ; and ono very remarkable fact must 
not bo forgot(on~llio dark rays of tho spectrum beyond tbo 
violet produce a lively pliospliorc sconce, wiiieh is extinguished 
by tho action of the rays of least Kifrangibility, or tho hoat^ 
rays — whilst artitteial heat, aa a warm iron, produces a very 
fionsidorablo olcvaHoii of tbo pbosplioreacent effefit.('") 

Til tbese allied plionomena wo have offeets whioli are esidoiilly 
dependent upon KOToral dissiiniiar causes. The {ihosphofcsceneo 
of tho living fliiima! is due, without doubt, to nervous exdtation; 
that of tbo living vegetablo to solar intiuoneo ; and jfi tho ease of 
the nmsms, of caTorna, fee. to that peculiar powov which w 



h, Google 



\9.?, iNFi.i;*;NC]i on M^ttrM upos j.wkc. 

cflTiiii-olvd \utli Oio choinicnl asjciwy of tho buii'b rajH, mv\ wliicli 
ia now clearly proved to lo capaSik of conduction. In the AimA 
organic inaitev wo bavo a [nirely cliomtcal acfion doveloiiing fliu 
light, tiiiJ in tlio inorganio boilius wo Iiave pooiiliac molecular 
constitulion, by v/hk\i an jiUsorplion of light appetirs to lako 
place. 

I'ho subject is ono of (lio greatest difficulty ; tlio toroli of 
Boicnee is too dim to enable ii3 to seo tbc causes at work in 
producing these niarvollous effoclfl. The investigation lendfl, to 
a certain oxtoiit, to tho elucidation of many of tlio secrets of 
luiniiioua action ; and the do term in at ion of Hio qucstioiL, whether 
light is an omaiiation fiom the sun, or only ii snlitilo iirinoiplo 
dilFusett through all matter, which is excited by solar influence, 
is intimately connected with the inc^uiry. 

It, has been stated that matter is necessary to the ilevelopniciit 
of iight ; that no luminous oilcct would bo produced if it woro 
not for tiso prosoneo of matter. Of this wc not only huva no 
proof, but such evidoitco as wo have is against tho portion. 
Thure is no lops of light in (ho most perfect vacuum wo can 
pioduco by any nitificial moans, whieh should bo t!iO oaso if 
matter was eoiieemed in (he phenomena of light m a eaueo. 

(.)olour is certainly a property regulated by material bodiex j 
or ralhor tho presonoo of matter is nocoswiry to the production 
of colour. Ohlorino gas is » palo yellow, and nitrous vapour 
a yellowish red. Thepc and ono or two other vapours, which 
aio near the point of condensation into fluids, aro tho only 
coloured ^Bcous or vaporiforni bodies. 'J'ho hky is bhio, 
because Iho mntorini particles of the atmospbore refleet baelt 
tho bluo rays. But wo hayo more praeiica! illustrations than 
this. Tho flamo of hydrogen buining with oxygen givfS n^arci'ly 
any light; allow it to impiiigo on lime, a portion "f whii-h isi 
cairied oft' by [tho heat of tho fl.in!o, and the mofct intense 
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iiriificial liglit with mliioh wo nvo actiiiaintcd is pvodueed. 
ATydrogoii gas alone gives it llame in whiiih Moarly nil but tbo 
bliio rajs avo wanting : pkoo a brush of steel or asbestos in it, 
and many of tlio other rajs avo at once produced. An 
Ar«and Jamji, nod more li.wticularly the eamptdite Argaiid, 
};ivuB n flame Viliieli yinils most of tlio rajs found in kuu- 
liglit. Spirit of wiiio inixud with water, wafmod and ignited, 
j^ivea only jollow laya; add iiitra(o of slvontlan, ornl thoy 
beoomo rod; liut niliato of baryfcs being nii-icd wi(h it, tliey 
am eliangcd to gsocn and yelluw ; salts of copjicr affoid fine 
blue rajs, and eommoa salt, intense yellow ones, iManj of 
the&e coloured rajn and others can bo produced in grest power 
by Hie nse of various solid bodies introiluecd into flanio. Thia 
lias not boon snfficiently pointed out by authors ; but it is 
clear from nxporiinonts that light rc<iuirc3 Iho prcscnco of 
mailer to onnblo it to diffuse its glories, Kow is it that tbo 
oxygen and hydrogen ilnino givca so littlo light, and, wifli a 
solid boily pvcMut, pours forth such a flood of brilliancy? 

'L'he production of artiftcial light by electrical and chemical 
anoneies will neecBsarily find sonio consideration under Ibcir 
respective beads. Thoro ate numerous phenomena wblcli eoii- 
iieot tlicmselve" with lunsinoits power, or apjicar to do so, wliieh, 
in tbo present state of our knowledge, cannot come immediately 
Within onr attention. \Vc arc eunipellcd to re&eive our limited 
tipMe for those branchci of Kcieiico which wo aro enabled to con- 
nect with tho groat natural operations constantly going on around 
iia. Sfauy of these more shstruso results wiH, however, reeeiva 
iomo ineideutal notice 'shon wo come to cxamiiio tho operalloft 
of tho eombinoil physical forces on matter. 

Wo see in light a piinciplo whicli, if it has not its source 
in the sun, h certainly dopeudont upon that luminary for its 
manifestations and powerB. From that "fountain of light" 
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WD Kml (his priiicipJo travelling to us at a spoetl wlituli alinoat 
appnMfllies (ho qiiicltnoss of thought ilaclf; yd hy tho roliiic- 
mcnH of seiencu we have boon enabled to inoasnro its velot-ify 
with the Htmeat aceurany. 'I'lie innnoftal pootof oiii' own land 
and laiiguflgo, in liis croafion of Ariel, that "tiielcsy Sjiii-it," 
who could creep like nnisic uiion llio waters, nnd f-inUe tho 
earlli in thirty minutes, appcavs to have 0|ipvoaclifiil lo tho 
liigliesl point to wliieh luore iiungination couhl cany tho Iiuniou 
wind as to the poweis of tilings ethereal. Science lias, since 
then, Bhowu to man that this "Bpiiit, fine spirit," waa a lag- 
gard in liis tasks, niul a gross piece of matter, when eoinpiircd 
with tlie subtile essoneos whieli man, like a noblcf J'rospovo, 
linH now siilitlvicd to do him Bcrvico. I'ight is ncccs!^ary to 
life ; lliD ^voild was a dead chaos Iioforo 1(3 creation, and inuto 
disorder wotiiU again ho tho eonso(|«onco of its annihilation. 
]'3vcry charm which spreads itself over this rolling gloho ia 
(lireetly depemlont upon luminonH power. Colours, and often, 
prohably, forms, are the result of light, eevlinnly the conseq^iipnco 
of sotiir radiations. We know niueli of Iho niystorioua influ- 
ences of this great agent, hut wo know nothing of tlio princij>ln 
ilsoir. 'I'ho Eolar beam lias boon tortured through prisniastiu 
glasses and natural erj'slals. J'lvcrv chemical agent has been 
tried upon it, every electiieal force in tlio tnosE excited etato 
brought to bear upon its operations, with a view to tho 
discovery of tlio most refined of oaitlily a,^neies; but it liaa 
paj«ed through every trial without revealing its secrets, and 
even the eilecfs whieb it produces in its path are unexplained 
prohleins still, to tax tlio intellect of man. 

Every unimal and every plant is impelled to own tliat life and 
isealth ato due to light ; and oven tlio crystallizing forms of inor- 
ganic matlcr, by heading towards it, confess ila all-prevailing 
sway, i'tom the sun to cvoiy phtnd vevolvii.'; around that or];. 
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anJ to tlip loniotcst slin which gleim tbroiitjli tin \'i^t immt.n''ily 
uf litiuui \scdisicovii tins powoi still m it's brigUtm% ,'iviw)5 
btmt) ind Didci to iticso iiiniuDibcted cnitiotii, no loES com 
plctcly thnn to this small islnnd of llic uiii\cri,e Through 
o^cij tuiinct iinttcrwo can maily it^ povicr tml fioin oil no 
oiin under oiitam condition'! oiuko it in lustic nnd icli\tt) 
Over all ind through ill liglit hproida its ethereal foice and 
inanifcGls, in all its opointions poncis nhieh nnglit well oi.alt 
the mind ot Pluto to the idct of m oininseicnt nnd omnipresent 
(jod Scitni-c with lioi Ttlmriel wind his. houover, shown 
that light 13 ilfcelf au ollcct of i yet more c\iUed eiu=n, wlucU 
wo can only refer to the source of every good and every jiorfcot 
gift- 
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ACTIiVlS:^!- -CIIKMICAr, liADIA'I'IONS. 

Tho SuB-rBy and its Powers --Uarkoning or Horn Silver —NEepco's Dls- 
eovety — PiismBtio Spcotrum — Kefrsnglbility of Light, Ilciif, and 
Aclmlain — DagncKo'sDiscoYoiy — Phologrnphy — Ohomioal KlTcRls 
proiluced by Solar Itaaialions — Absoiplloii of Actinism — Plitnomo- 
mof Iho Daguerreotype — Chemical Ohangopiodiiced upon all Bodies 

— Poivcc of Mtiltor to lEstoro iig Condition — Light protccls from 
ChcmicnlCliange — Photographs taken in DarJmess — Chemical Kf- 
fCBfa of LiKht on Otganiacd I'oinis — Clioniipal KlTcets of Solar Heat 

— InRuonce of Actinism on Elecdicily — liadiations in JJaikncsa — 
MosGt's Discovotiea, &o. 

irj^ATamUiglit irodoihedfiooi tiiostn f nd ivo Imvo nttemptol 
to show tint not only irr (ho pliLiiDPrtdta of tlitao tiro pmieiples 
diftbreist, Lut tliat tlioy ein scnieoly in the piesoiit ooiiilitiim of 
ourknowkdgo bo regowled as modifit'l numft stations of 0«e 
euporiov power Asiocwted with thc^o two roiiniknblo elomcnfa, 
Otliora may osist in t!io solii rayi 1 kctrical jlion mom aro 
cortainly d(>voIopad by both Iieit in 1 light an I pi,culiir change? 
nro iirodueed by a shoit oxposuro to sunsluuo I Iccliicity iiiay 
bo nietolj excited by fiio solar nyo or it may flow lilfo liglit 
from the sun Cln,iniGil aelioii inny he only iluo to flio dibturli- 
nncoof Btiuodiffuwd pimosplo, oi it maj Ih diieal) OMin, (o 
some agency whiab is viwliated at once from Iho sun. ■ 

A Bun-ray is a inagienl thing : wb eouneet it in our fancy with 
tho most ethereal of possible croations. Yet in its action on 
matter it pvoducos colour; it Kopavafes tho jiarticleM of EoHd 
ma^as farlhor from each other, and it brealta up Bonio of tlio 
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MtfOiigost forces of chemical fiffinhy. To moctorn science is en- 
tirely Am tho kiiowledgo wo have gainwl of tlie inarvolloiis 
[lowo^ of Ilia sunbeam ; aad i6 has rendered vs familiar wttJi 
pbcnmiicna, to ^?hieb tUo ineantatiou-seenes of the Ooraclius 
AgvipiHis of tlio l>ark Ages wore but iH-contrivcd dohisions, and 
timir magic inirrora poor instrumoiits in coinparLson with tbo 
silver tablets of tiio photogtaplrio artist. 

Ill the Dark Ages, or rather as tho earliest, gloiims of flio 
blight morning of industrious roscaroli wero diapolfiiig tho niista 
of tlml pi in iilom-]} copied poriort, it was obsorvod, for the first 
(ijiie, that tbo sim's rays turned n white compound lilack. i^Iati 
must liavo witiies,scd, long boforo, tliat curious change wliioh is 
conslantty faking plaoo in nil vegetable colours : some darkening 
by exposure to sunlight, ivliilo olSiors are bleached by tho solar 
rays, Yot those phenomena escilod no attention, and tbo world 
know nothing of tho mighty changes whioh woro constantly tnking 
plaeoaround tliom. Tho alolicmisfs — sublime pioturoBOf credu- 
lous bunianity — (oiling in tho snioko of their secret kboratorioR, 
availing iind wulcbing for every change which could 1)0 produced 
by fire, ou by their " royal waters," caught tho first faint ray of 
an opening inith ; and their wild fancy, that light could cbaiigo 
silver into gold, if they but succeeded in getting its subtile beams 
to interpenetrate the metal, was the clue alTorded to tbo empirieal 
pbilcKfopher lo guide him through a more than Cretan laby- 
rinlh.r) 

Tlic first fact recorded upon this point was, (bat horn silver 
blaeltenert when osposed to tbo light. Without doubt niany 
anxious thoughts were given by these nlchentisls to that fact. 
Hero was, os it appeared, a mising up of light and matter, and 
bobold the Btriking change. It was a step towards the reaU^tJon 
of their dreams. Alos, poor visionaries! in pursuing au ideality 
(boy lost tbo reality whieb was within their gnisp. 
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Truths coffio slowly upon m«it, and long it is before ttieso angel 
visita aro aclinowJcdged by humanity, 'i'lio world clings to its 
eiTOi^, and avoids tho truth, lest ifa light should bofvay their 
misoraWo foHlea. 

At length a man of goniua announced that "Mo mhslance 
can he exposed to ihe sen's rai/s withoiil im<lert)oin(f a chemical 
chatiffe ;" but liis words fell idly iii)on the ear. His frionds 
looked iipon his light-produced pictures iia curious nmttets ; Iboy 
preserved lliem in tlioir cabinets of curiosities : but tho truth 
which ho enunciated was soon furgottcn. Ilowbeit, thcKo words 
were i-ecorded, and it la due to tho Kolitary experimentalist of 
OhEtlons on tlio Saono, io couple iho name of Niepco with tho 
discovery of n fact which is scarcely second to tho development 
of tho great law of universal grnvilalion. ('") Hut an oxMKiina- 
tion awaits \is, fflhich, for its novelty, has moi-e eharnia than m(mfc 
branchca of science, and wlucli, for the extensive views it opens 
to tlio inquirer, has an interest in nowise inferior to any olhor 
physical investigation. 

, Tho prismatic sfjeetruin afibrds us tho means of examining 
the conditions of the solar rays with great facility. In bending 
tho ray of white light out of its path, hy means of a triangnlar 
piece of glass, wo divide it in a rcmnrkablo manner. Wo leavn 
that heat is loss refracted by tho glass than the other powers ; wo 
find tho masinunn point of the cidorific rays but slightly thrown 
out of tho right line, \?hich tho solar poncH would have iukcii, 
liad it not been interrupted by tho prism ; and Ihe thorinie action 
is found to diminish with much regularity on cither side of this 
line. We discover thai Ihe lumiiioHs jjower is subject io greater 
roftaetion, and iimt its jnaxiniuiii lies considerably above that of 
heat; and that, in like manner, on each side tho light diminishes, 
producing orango, red, and crimson colotirs below tho masimum 
point, and green, blue, and violet above it. Again, we find 



h, Google 



US) 



tliat tho ra<lintioiis lyliinh pi'odaeo clionueal change nro moso 
refrangible than utthcr of tho oihora, and the ninximwm of this 
])Owor is foariil at flie jKiint whave Jtght rapidly diminishes, and 
where goareoly any hual can bo detected : it estonds in full 
iiutivity, itbovo its niaximutn, to a coni^idoralilo dtstaueo, whem 
lio trnco of lij;ht can be discovered, and below that |K>int, \intil 
li.ijlit., appearing to act aa an jnforferiiig agent, quenches its pcou- 
liav properlios. These aro strong evidences that light and 
actinism — aa this principle has boon named — aro not identical : 
-ind wo may Kcpatale theio most easily and erfccfually fiom cacb 
other. Ccitain glasses, stained dark blue, with oxide of cobalt, 
admit scarcely any light; but they oH'er no into rrnpt ion to tho 
jia'--ago of actiniftin ; on the contrary, a yelloiv glass, or a yellow 
lluid, whicli does not sensibly reduce tho intensity of any one 
culonr of tho chionialio band of lununous i.iy^, completely onts 
olf lliis ohoniical principle, whatever it may bo. Tii addition to 
these, llieic me other icsults which wo shall have to desoiibo, 
which piove that, although associated in tho bolar beam, light 
and aefinism are in constant antagonism. 

When Daguorie 6rst published bis gioafe discovery, tho Euro- 
pean public regarded his metal (ablclM with feelings of wonder; 
we have grown accustomed to tho bcuutiful phenomena of this 
art, and wo hnvo become acquainted with a number of no less 
beautiful processes on pajicv, nl! of wliicli, if studied aright, must 
convince tho most superficial tinnkof, that a world of wonder liea 
a lidio beyond our knowledge, but within the reach of industri- 
ous and patient research. Fhotograpby is tho name by which 
the art of sun-painting will bo for ever known. Wo regard this 
aa Mnforlnnalo, convoying ns it docs a false idea, — tho pictures 
not being Ughl-dratpa. Gould wo adopt tho name given by 
Hiepco to tho process, the difliculty would be avoided, tiuce 
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Ileliograjiby involves no hypothesis, and slfictly tells the. tiisde- 
niablo fact, that our pictures are sun-drawn. 

]3y whatojoF inmo wo (loterniiiie to convey our ideaa of those 
[len a t t n tl f toy itivolvo a serioaof effiwfe 

II of tl 1 gh t t t to evory lover of nature, anil 
of t! ul t I I ( fl artist and the amateur. Ky 
easy an|ula1 ublctl to givo pcrnianenco to 

the 1 \ i 1 1 a produced by means of that 

pi g I f JJ pt ta I'orta, tho Oamem Obscurn. 

Ay o wl 1 Ix f t I by Iho lens of Ihis instrtinioat 

fl lis upon (ho tahlo m itn daih chamber, may bo Kociired with i(a 
moat delicato gradations of shadows, upon either a motillie or a 
paper tablet. 

Tlnia wo are enabled to prosorvo tho lineaments of those who 
have benefited their race by their genius or thoir bravery. Hy 
tho agency of those \ery rays which givo life and brilliancy to the 
laughing cyo and roseate cheek, wo can at onco correeUy trace tho 
outline of the features we admiro, and fill in those shailowy do- 
tails whieh give tho picture tho charm of vmisemblaace. 'I'ho 
admirer of nature may copy lior arrangcmeiiEs with strict fldolity. 
Evory undulation of tho landscape, every projecting roek or 
iKietling tor, each sinuous river, and tho spreading plains over 
which are scattered the homes of honest industry and domestic 
poaeo, intorminglcd with llio towors or spirca of those humble 
temples in which Birapto-hearted piety delights to kncol, — thoso, 
fill of thiwo, may, by tho sunbeam which illuminatta tho whole, 
bo faithfully penciUed upon our ohemical proparations. 

I'o tho traveller how valuable is tho precox 1 ^he characteiv 
iaiio vogotatfon of dfetant lands, and tho remains of hoar antiquity, 
speaking to tho prosont of the past, andrccording tbo'hiHtorios of 
iraecs whieh have fleeted away, may !» alike seeurod to instruofc 
" home-kcepiBg wits," by tho aEsiistanaj of this beautiful art. 
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But it ia neces5flry wo iiamo a fow of tlio more striking p!ie- 
jioniiiim of the?o cliniigcs. To connnojieo vjUli sonic of the more 
limpid but no loM hiiporiant results. 

Chlorine and hydrogaa will not auito in (larlciioss, nor will 
olilorjne and onrbonio oxido ; but, if eittier of tlioso gaseous mix- 
tures aro ox|)OMcd to Bunsliioo, tlicy corabiuo rapidly, nud witli 
cxplosiori. A HolutioH of llio aulpiiato of iron in ordiiiaty water 
m;iy bo preserved for a long tinio in tdo darlt nitliout undergoing 
any ciiango; cxpoio it to tlio sunsliino, and a precipitation of 
oxide of iron is very rapidly produced. The mineral olianicleoii, 
f}[0 manganesiule of potash insolation, is almost instantly dc- 
coinposod in daylight ; but it is a long tiuio before it undergoes 
any change in darkness. The same tiling occnrs witli a combina- 
tion of platiimin and lime ; and, indeed, it appears t1iat precipita- 
tion ia at all tieies, and under nil oircuin stances, accelerated by 
(lie sokr rays. As those precipitations aro in osaot agrconieiit 
with tho iiiiantlty of actinia radiation to whteli the solutions have 
beeu expJBcd, we may actually weigh off tho relative quantities, 
roprc^nting in grains tho oquivalont numbers to tho amount of 
iictinisra which has influoncod tho chomical componnil, ("*) 

Wo have ovidcnoo whioh appears to prove that Ibis agent may 
ho absorbed by simplo bodies, and that by this absorption an 
actual change of condition is produced, in many rcspeolti anulo- 
goiis to tl»oso allotropie changes wJiich wo have previously con- 
sidered. Ohlorino, in its ordinary state, and hydrogen, do not 
combine in tho dark. If we employ tho yellow medium of ehlo- 
rino ^, for the purpose of analyzing the Kun's laya previously 
to their fulling upon somo eUonuefll compound which is sentalive 
fo aotinio power, wo sliall find tliat tbo chlonno abstracts all this 
iictinism, and our unstable couipound remains imoimnged. Ibi' 
fho chlorine gas which baa interrupted this wonderful egent, ap- 
pears !o have absorbed it, and it is so far altered in its constitution 
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tLat it will unite witli bydrogen in the darli. ("") In like manner, 
if, of two portions of the samo solution of sulphate of iron, one is 
kept ift the dark and the other exposed to sunshine, it will be 
found that the solution which has been exposed will precipitate 
gold and aSver from their combinations much more speedily than 
that which has been preserved in darkness. 

The phenomena of the Daguerreotjpe involve many strange 
conditions. A plate of silver, on whieh a slight chemical oction 
has been established by the use of lodme i« exposed to the Icn- 
tioulai image m the camera ob'oun It allowe 1 to remain under 
the influence of the radntions for i sufiicient length of time, a 
faithful picture of the illuminated objects d 1 t 1 the 
plate a% shown by the visible deeotjipositi d d k of 

the iodized smface The plate is not how » jn t al- 

lowed to lasume this condition. , aftci an p f few 

fcecon Is the ladiint influence is cut off and th y nn t 1 teet 
any ey I f h p th y 11 w^l t 

to the 1 f m 7 d th t m t I 

ingly fi 1 IS d 1 po th jl t 

satnis t f lypdp tf 
m 1 po t p 

act n p d d I th 

nde t IS ff t d 

mil Th 

have the in- 

1 1 t f If It t Y that a chemi- 

llyp p 1 -t h 11 1 p It th un's rays to 
exhibit; th It A p I h i pi te f (1 fgl s, of marble, 

or a p f wool b g p tially p d 11 when breath- 

ed upo 1 telt th t f 1 apour, show 

that altl h^ pld{ tip rtions which 

wore ill t d wh hang b d lected upon the 
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parts which woro kopt iu tlio <lavk. It was Uiouglifc, until laloly, that 
a fewohemiflaleoinpouiids, suchaaioJiiloof silver, tho Daguorre- 
otypo and Calotype matorial, — ohloriflo of silv^t, tho onlinary 
pliotcgfapliie agent, — a fow Batta of gold, and one or two of lead 
and iron, were the only niatorials upon \ihhh these very tcniark- 
ablo changes were (iiodHCcJ, ^Ve now know that it ia im[)ossihlo 
fo oxposo any l)ody, simple or compound, to the sun's rays, vpitli* 
out it3 being intlwonccd by this olionsical and moleonlar diaturhing 
|)Otfcr. To take oiiv examples from inorganto nature, Iho granilo 
rock which jireHeuls its uplifted head in firmness to the driving 
Htoriii, the stones whioli genius lias framed into forms of avobilcc- 
tural beanty, or the molal wliich is intended lo eonniieivioratG tlio 
great acis of man, and whicli in tlio human form proclaims the 
hero's deeds and the artists talent, aro all alike deslrnotively 
acted upon during the hours of sunsbino, and, but for provisions 
of nature no loss wonderful, would soon perish umlor the doUcato 
touch of the irnMt snbtilo of tho agoneios of the uuivoreo. 

NiopcQ was llio first to show that those bodies which underwent 
this change during daylight, possessed tho power of lestoting 
thomsolvos to their original eonditions duiing tho bontB of night, 
when this excitement was no longer Influeneing them. Itcsiiis, 
ttio Da^crrcotypo plate, the unprep.ired metal taWoE, and 
numerous pholograpluo projiaiations bliow (his in a rematkable 
,nanncr.(™) 

The picture which we receive to-night, unless we adopt some 
methoil of fiocwring its permanency, fades away before the morn- 
ing, and we try to restore it in vain. Upon sonio of our ohomieal 
preparations this ia very retnarkably shown, but by none in so 
striking a maniior as by pa|icr prepared with tho Jodido of pla- 
tinum, which, being impressed with an imago hy hcUograpliie 
jiower, msloros itself in tho dark, in a few minutes, to its former 
hfato of sensibility to 8unsUiue.("') Tho infeironoe wo alono e«n 
13 
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clnsw fi'oni all llio ovidciioos wlnoh tito study of acliiioclieiiiktry 
alibi'dM, m, that tho liours of darkness am as necessary to tho in- 
organic creation as wo know nigtit and sleep ato to tlio organio 
kingdom. But wo must not forgot that there does exi^ in tho 
Bolav rays a balance of forces wliicii materially modifies tlio 
amount of disturbing inflneneo osertod by thorn on matter. Not 
only do wo find that tho chemical notion is not oxtondod over tho 
wliolo length of tho prismatic apecfruni, but wo discover that over 
spaoos, which correspond with tho maximum points of light and 
hont, a ]irotceti¥o action is exortod. 'J'hat is, tliat highly Konsitiyo 
photogmpliic agents, which blacken rapidly under exposure to 
diifused daylight, aro entirely protected from change in full sun- 
shine, if at tho same lime, as a strong light is thrown upon them 
by reflection, the yellow and extra red rays aro brought to 
bear upon tlieir surface. Not only so, bnt by employing media 
whioh will cut off tho chemical rays of tho spectrum, admitting 
only tho luminous and calorific rays, wo fnid that this power of 
protection is co-extonsivo with colour, or rather with %/rf, and 
that a protected band, the length of the spoetrnni, remains white, 
whilst every other portion has blackened, ('^) 

Among the many curious instances of natural magic, none aro 
more remarkable than an experiment not long since proposed, by 
which Baguorreotypo pictures could ho taken in absolute dark- 
ness. This is effected in tho following manner : A largo prls- 
matio spootrum is thrown upon a Ions fitted into one side of a 
dark chamber; and as wo know that tho actinic power resides in 
gr^t Mtivity beyond tho violet ray, whore there is no light, the 
only rays which wo allow to pa(« tho lens into tho ehaniber, aro 
Uieso which aro oxtra-spoctral and noQ-lumiaoua, The*) are 
directed ufion any objeet, and from that object radiated upon a 
highly aenailivo plate in a camera ol mma. Thus a copy of the 
fcubjeut will be obtained by llio agency of radiations whieh jiro- 
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fluce 110 BciiBiblo effect 1153011 t!io optio ncFve, Tliis csperimonfc 
is tUo converse of those whieli slio>? \m, that we may illaraiuato 
any object with tbo stronger sunlight whteU bns passed auoU adio- 
aclinio media —as yeilow glass, tbo yellow soluljqii of sulphuret 
of caleium, ot of tho biebromato of potiisU — and yet foil to 
secure any Daguerreotype eopy of it, oven upon tho most ex- 
tpiisitcly sensitive plate. Indeed, tbo imago of the snn itself, 
when Betting through an atmosphere which reduces its light to a 
red or rioh yellow colour, not only pvoduoos no ehomieal change, 
but prelects an iodised plate from it ; and wlriUt every other part 
of Hie tablet gives a picture of surrounding objects in the ordi- 
nary ohatacter, the bright sun itself is toprosoutcd by a spot upon 
wliich no cliange b;is taken place. ("") In Iropicnl climes, wliero 
a brilliant sun is giving the utmost degree of ilium in atioii to all 
Burrouiidiug objeols, all pbotngrapliie preparations aro acted upon 
more slowly thau in tho climate of England, where the light is 
le^ intena). As a remarkable instance of this fact, a oircum- 
Blanco may lie mentioned, which is curiot^ly illustrative of the 
power of light to interfere with actinism ; — 

A gentleman, well ac (painted with tho Daguerreotype proe(«s, 
look with liiiii to tho city of Mexico all the necessary apparatus 
and ohonucals, oxpceting, under tho bright light and eloudlewi 
ekioB of that climate, to produce pictures of superior oxcollenoe. 
Failure npon failure was the result ; and nltltough every care was 
used, and every precaution adopted, it was not until tho rainy 
eamm sot in that ha eould secure a good Daguerreotype of imy 
of the buildiiiga of that southern city. 

Any reforonea to tho ehomieal agency of worn- — lumimm 
raf/s ^ — lias been avoided unUl we came to the eonsideration of 
tbia articular (|H<»tion of ehomieal change. 

Upon organic compounds, as, for instance, upon Iho colouring 
matte of loaves and flowers, light dons exert; a chemical power j 
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and it is found tliat vcgotablo eolmirs aro bleached, wot liy raya 
of iheif own cliaractor, but by tboso whicli a^o eompleinenlary 
to thoiii. A red <lyo fadoa under tho influonco of a gvceii my, 
and a yellow under tbat of a blue one, much more epeedtly Uiau 
when oxpoiwd to rays of atiy otlior colour. C'^*) It waw long a 
question wliofher (be (leooniposition of carbonic acid by plants was 
duo to tbe linninoua or tbe cliomical rays. Tt ia now clearly 
esUblishcd that tbe liiniinons raye aro the most active in produc- 
ing this cfToot ; wbioli they do, in all probability, only indirectly, 
by exciting the vital powers of tlio organized atrueturos, to whieU 
wo would refer this phenomenon of gaseous do com position. ('") 

Wo havo already noticed sojno clieinieal phenomena duo to 
heat, pnrticnlarly those experiments of Count Uuniford's, which 
appeared to iiini to prove that tho chemical agency of tho snn'a 
rays was due lo its oalorifio power. A certain class of chemical 
plionomcna, wo linow, may be produced by thcnnio action, both 
r^iant and direct , but the only class of thorino-cboniical action, 
which connects itself immediately witli tho solar radiations, be- 
long-, to a olass of rays to whieli tho name of FarathormiD lias 
been giron. and to which belong tho scorching, as it is called, 
of plants, the browning of tho nutunjual leaves, and probably the 
ripening of fruits (' ") When wo como to tho consideration of 
thofto physioal phenomena wliioh belong to tho growth of plants, 
all the«o peculiarities of solar action must bo attended to in 
deltil. 

Tho manner in which wo find tho actinin |)ower influencing elec- 
tdcal action, also shows m that thn balance of foteo is continued 
through all tho great principles of nature. If a galvanic atrangc- 
mcnt M made, by which small quantities of metala may be slowly 
precipitated at one of tho polos in tite dark, and a similav arrange- 
ment 1m exposed to sunBhino, it will bo thoii found that no metal 
will bo deposited : tho Ban's laya have iiitorfbted with tlie dccom- 
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jwsing power of tlio eleclrioal current. At the name time we 
Icaiii, tluit, by throwing a beam of liglit upon a plato of copper, 
forming one of a gal?ania ^it', wUilst it ia undof the influence 
of an ^idulated Boluiioii, an additional oxdtntion takes place, 
and the galvanoniotor will indioato tlio paasap of an ineroasod 
current of electricity, Tlioso two di».^iniilar actions appear enig- 
matical; hut tlicy may, tlicro is no doubt, rceoivo Boinc Eolulion 
from (lie influonco of difForont rays on the contrary poles of tlie 
liattery. One tl g t q to o idont, — electricity suffers a dis- 
turl)aiico of or le by 1 gU; and, by Us associated principlcH 
ill the sniibea a i o^c to o t of anotlier. If a yellow glass ia 
interposed betvco the gil luo arrangement and the sun, Iho 
elootTO-cheinicnl [ eo j tit o goes on in the aaiuo manner as it 
ivouldin darkness, and noostiaoscitemont is produced upon tlie 
plates of the battery, li'roiu this it would appear that aetinism 
and not light is to bo rogiirded as the actively disturbing 
power. Q'") 

We liavo already dofailod many of the peculiarities of the dif- 
ferent varieties of I'hospliori, which wovdd Keom to bo tho xcBult 
of light. PbosphorescGnoo is, howo\-er, excited by those myn 
wbieb produce no direct oifect upoii tho eye. If wo spread aul- 
phiirct of calcium upon paper, and expose it to the action of tho 
Bolat speetrom, it is found to glow (in (ho darli) only over tlioso 
Bpaoes occiipied by the violet vaya ■ and tlio dark rays beyond 
llicin, proving that the excitation necessary to the development of 
the phenomona of pliosplioreEconco ia duo to a elats of rays dis- 
tinct from (he true lijiit-givlng prinotple. and more nearly allied 
to that principle or power which sels up eheniseai decent [x^il ion. 
YJsbn and colour, ealoriflo aclion, chotnical change, molecular 
diiturbance, eleetrical phenomena, and phosphorescent cseitaiion, 
all, cioh one with a strange dualirj, Sirc eonneelcd wiih the 
suabeaiii. 
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We find, wlioii wo I'ooeivo solar sfieetrs upon ioilt^d plat(w, OE 
on several kiuda of photogi'apliiepapei-, that aline, over which no 
"action takes plaee, is preserved at ttio top and bottom of tlia mt- 
^ttmaA imago, and in many oases along the eides also, ^o only 
way ill which this can bo accounted for, as the speotntm fcpfesents 
tlio Bun in a distorted form, is by supposing lliat rays COino from 
tho edges of tlio ma of a difTcroiit oliaraeter from tiioso which pro- 
ceed from tho conlro of tliat orb.('^) 

Slay wo not look upon tlio examples wliicli have hcon given, as 
ovidonoe of soino such arrangement of the united principles as the 
following? Jiight proceeds with greatest power from tho centra 
of the solar disc, altSiough difTusing itself over every part. ; — as 
tho force of light diminishes, calorific action is more strongly 
manifested, and a none of heat surrounda tho centre of light, be- 
yond which, extending like an atniosphoro to tlie eun himself, 
exists tho mighty clioniical power whieli wo call actinism ; and 
may not olectrieity ho the result of tho copubinod action of these 
three powers ? 

That actinism is one of the great powers of erealioii wo havo 
abundant proof. Nearly all the phenomena of change wbieh havo 
been referred to light, are now proved to bo dependent upon 
iwtinio power ; and beyond tho iiiiliionco which boa been OBCcr- 
tained to bo exerted by it UjKin all inorganic bodies, we shall 
have oeeasion to show stili ' further iho dependence of tho veget- 
able and animal worlds upon its agency. The influonco of tho 
solar beams on vegetation is proved by common oxponence j tho 
eioner examinaliou of its action on vegetable Ufo is re^tved for 
the chapter devoted to its phonomeiia. Of its influence on ani- 
mals nothing is very correctly known; but Komo early experi- 
ments jitove that they, like other organi/.ed bodies, are subject to 
all tho radiant forecs, as Indeed, iiidependcnt of esperimont, our 
n experience teaches. Certain it is, that organiitation can 
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take pince only wlioi'c the sun's I'ayscati penetrate ; wheii) tUei'o 
is unchanging darknoss, tlioro wo find sll tho wlenoe of ileath. 
Prometheus Btole fire from honvcii, nniJ gave the saored ^i& to 
man, as tlio moat usoful fo liirn of all things in his neoossilies ! 
by tho aid of it he could temper the severities of cUmafe, render 
liis food more digcstiblo and ngrcoable, and illuininato the hours 
of darkness. Sosnya tlio boautiftil Gvtion of the (Irccinn mind, 
— whicSi appears as tho [metic droani or prophetic glance of a 
gifted race, who folt tho uiystorious truth thoy woro yet unable to 
dcsccibo. Phaeton and Apollo are only other fore shade wings of 
tho croativo energies whieh dwell in the glorious centre of out 
universe. The poetry of tho lloUonic people ascended above tho 
littleness of merely human action, and sought to interpret tho great 
truths of creation. Itoflcetivo, thoy could not but Bee that somo 
mysterious povrors wero at work around them ; ieiagi native, they 
gave to fine idoali/alions tho government of those inoxplicablo 
phenomena. Jlodern soiotico has shown what vastly important 
oflicos tho solar rays oJtocute, and that tha principloa .discovered 
in a suiibDam are indeed the exciters of organic life, and tho 
disposora of inoi-ganic form. 

It must not bo forgotten that wo havo already alluded to a 
speculation which supposes this actinia influence to bo diftuscd 
through all nature, to bo indeed tho element to which chemieal 
force in all its forms is f o be referred, and that it is merely ex- 
cited by the solar rays. This hypothesis receives some support 
from tho vory peculiar manner in which ohomioal action oiieo sot 
up is carried on, iudepondont of all oxttanootK oxoitoment, after 
tha first tllaturbanoo has been produced. If any of the salts of 
^1(1 are exposed in conncetion with organic matter, as on paper, 
to sunshino for a moment, an action is begun, which goes on 
uneoasingly in the dark, until the gold \a ircduced to its most 
simple state. ('*•) Tlio eaino thing occurs with ohroraate of 
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silvoi', fii}iii> t>f Hio salts of moroury, arf^ntino [iroparations 
mixed with protosulpbato of iion or gallic aoid, and Some oiket 
clieinieBl combtiintiona, 'i'lioso progrossivo influenCBS point to 
Foino law not yet discovorcd, wbich seems to link fliis radisnt 
uctiiiiani with tho oiiomioal agent existing in mailer, 

This problem also oonncols ilsolf with another class of f.icffl 
which, although duo in nil probability, to a groat extent, to ealo- 
Tififl rndiatioiis, and hcnec known under the general term of 
Tliormograpby, appear to involve both chciuieal and olootrical 
cxeilation. J'roni tho investigations of Slosor and of others wo 
Icavn tho very extraordinary fact, that oven inanimate masses act 
and react npon oach other by the inflnoncc of soma dark radia- 
tions, and seem to exchange some of tho pBOuliaritics which tlioy 
posaeas. This appears generally in the curious experiments 
which have been referred to, as confined merely to form or 
Blrneliiro. Thus an engraved plate will give to a polished Bnrfaco 
of mofal or glass placed near it, after a very littlo time, a neat, 
distinct imago of itaolf; that is, produeo such a Btruotuval dis- 
turbance 08 will occasion the plate to rcooivc vapour differoiitly 
over those spaces opposite to tho parts in eamco or in intaglio, 
from what it does over tho opposite. If a piece of wood is used 
instead of a medal, there will, l)y similar trealuieiit, bo produced 
a true picture of the wood, even to (lie representation of its 
fibrcK.('^) 

It has also been found that ohomieal dceompoaition la pro- 
duced by tho more juxfa|K»!ljon of difleront bodies- If iodido 
of geld or fiilver, perfectly pure, is placed upon a plaic of glass, 
and a plate of copjier covered with mereury is fiusi»cnded over 
them, a gradual decomposition of lln»e salts will iako phux, 
iodido of metottry will be formed, and the gold or silver ^alls will 
bo reduced to a finely divided metallic state. C') 

A body, wliOEO |»wora of radia'ing heat aro low, hei«g 
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bwugbt near niiotbor whoao radiating powers am mora exten- 
sivo, will, in tlso courao of a short tinio, undergo suelt im ainou«t 
of molecular disturbance, an will efleot a compkto obaugo in tho 
srrangcuioiit of its surface, and an impression of the body having 
tho highest radiating j)owor3 will bo iiiado upon the other. This 
impression is dormnnt but may bo developed under the inlluonco 
of vapour, or of dal o ( ) A body, suoli as charcoal, of low 
conducting power bo ng plnced near another, sucli as copper, 
which is a good co lu o 1 11 n a very short time, produce, in 
]il<e inannui, ai i u) t ulf upon the inclat plate. Thus 

.my two bodies vl oso o to ig or radiating powers are dis- 
snnilai, being biought near each othor, will occasion a molecular 
disturbance, or nnprens the one with the imago of tho other. 
I luwover small tho difference may lie, an effect is perceived, and 
th^it of tho moat extraordinary kind, giving riso to tho imprcKsion 
of actual images upon each surface exposed. It is thus that a 
print on paper may be copied on mofol, by wiorcly suspending it 
noara woll-polished plate of silver .or copper fora few days, ^ho 
white and black lines radiate very differently ; eonaoijiuontly, an 
ofl'eet is produce! on tl e bright metal in tho parts corresponding 
fo tho bhok 111 ^t diisiinilnr to that wl icli fakes plate oppoMto 
to the ubito pjriionsof t! op 4 or anl rn the aiplicttion of 
vapour a true ina^o of tl c is foi I n {i ocl ujion 
the othoi ( ') 

Bmlits nhich aro in difHront olceliical state, act upon oaeK 
oilier in an analo^iM manner Ihus ar^mio which is bij,Uly 
eloctro-ne^tuo will when placed near a [leoo of oioofro 
positive copper leadily impart to ifa ^iifaco an impix.'eiOH ol 
it!«lf J ffld so in like ni'inner will othoi bodies, if in unliko 
eonditioni 1 veiy substance pbysiciUy diftoront (it "if niflos m t 
wliothoi ai it ijf,irda colour oberaical competition mcUianiial 
struotuie wlouiio condition or eleclncaHtito ) haaa power of 
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ra<lmtioii by wbieh a sensible cbiiiigo can bo protUiue*! m a body 
differeiiily eonstituted. 

Kable iiaa told us tlmt tbo magicians of the East possessed 
mirrors iu wliicb tboj could at will produce images of the absent., 
Seiencj) now shows ua tbat roprcsenfationH <iuito atiffiuiont to de- 
ceive tlio croduloHS can bo produced on tlio Buvfaco of polished 
metals without diffiouUy. A highly polished pltito of steel may 
bo impressed with imagoa of nny kind, irfncli would remain 
invisible, the polished surfaeo not being hi tho least dogreo nffoct- 
ed, as it regards its roflcotiitg powora; but that, by breathing 
over it, these dormant images would develop themselves, and 
fade away again as the condensed moiatuvo evaporated from tho 
surface. ('") 

'I'hcBe, which are but n few of a series of results of as striking 
a oharactor, sor^e to n n e s that nature is unceasingly at 
work, that evory at n poss sod of pvoportios by which it 
influences ovory tl aton tiio universe and that a tn(Kit 

po tl t class of n t a! 1 1 one on a| \ oar n tl e present stato 
fork owlodgo to o no t tl o elvo^ 1 1 efly vitli tho wtdt- 
a t fo 03 

Ileal he sfaobwirvcl thataol n o to-k jli o in ehlnrido 
oi si o otjosoltos I n ^\el" ool f t t ok advant^go 
of th t 1 soovoty to e|y 1 ct N e^ o i a d a physical 
nveitgalo oftloc oscligo If 1 tl t nil bodies wero 

U e oe 1 1 y th 8 p no ] le r i at If tl o sun Daguorro 
irol col efi cts f on the sol jo 1 1 el no avtist neuld 
an -oa 1 to n d Mlot a 1 otle s e to lot tl n applieation. 
Horsehe! took up tho luqutty ; and ho, with Ins usual power of 
iuduetira seareb and philfMophieal doclucfions, pvi^enfed tlio 
i^rld with & class of discovoties which show ho« viist a field of 
investigation is opening for the youngoc races of mankind, ~ a 
field ill vihish & true spirit may reap tho highest reward in tho 
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(Uscovevy of now focfs, ami to wliieli wo nnist look for a fiirtlici; 
<]cviiloj!iiiO!!t of those groat powers with which wo have akoiidy 
soiDo slight sequKintaiioo, and for tlio diaoovery of higlier iiiilu- 
otiees wliioli are not yo6 droameii of in our plnloKopliy. 

If miisio, with its luysttriefl of soiinil, 
Gives to tlio human heait a heavenivot<l fooling ; 

Wrapping In liislro lliis foir e.iilh aioiiud, 

Cieatioii'a ivoniVroua hariiioiilps rcvealiiif;, 

And to the soul in tiiitli's alro^g loiiguc nppcnlinR. 
Wltli all Ihc niagio of those flotict poncrs, 

Whioh, mingling with the lovely band of light, 
The sun in constant undulation sho\vm 
To mould flic crystals, and to shape the flowets. 

Or Bivo to nintler the immortal might 
or an cinbiacing sonl — should, from this sod, 
K^alt our aspiintions nil to God. 
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Illiicovnj of Electrical Poteo — UifTusod thiough alt Matter— Wlint is 
Electricity f — TheoricB — KiiclioiialBlectticilj' — OonductinK Power 
of Boaies — Hypothesis of two riuids — KleoltlrnI ImaK«B-Oiil. 
yanioKleetriclty — ElfcctsonAnimals — Chcmlsltyof OalTOnio Bat- 
tcy— KUcttlcily of a Drop of Waler — Kleclro-chemienl Action — 
ElcetricBl Ciitrcnts — Thermo -Elecliicily — Aniuml Ekft.icity — 
Gjmiiotus — Torpedo — Almospherio Elcotridty ~ LiBliti.iiiH Con- 
diietors — Karth's Magnolism duo to Eloclrical Currents — Inftuenco 
oi. Vitality — Animal and Vegetable Dcvelopmenla— Teireatrial Cul- 
rents — Electricity of Mineral Veins — Electrotype — Influence of 
ileal. Light, and Aofinisnv on Electrical Phenomena, 

If a pieco of nmlici-, ehetritm, is briskly nil.hod, it oequives tlia 
mroperty of attracling ligSit bodies. Tltis ourious power oxcitecl 
tho ntlonlion of Thaks of Wilctus; and from tlto iiivcsligalionB 
of tliis ttrcciHii pliilosopher wo imisl (Jato our knowloOgO of ono 
of the most inijiovlant of tlie natuvn\ forcea— Klcctricity. 

If an inquiring minil liad iiot been led to ask wliy does this 
CHvioiis iiattnal production tttfract a featlier, tlio present ago, iw 
all probability, would not have been in poBaession of tlio nionHB 
by wbioh it ia enabled to transmit intclUgcnec witli a rapidity 
■which ia only excelled by tbat of tlio " swift-winged iiiessciiKcra 
of tbougbt." To tlita ago of application, a striking le^on does 
tliis arahor teaeh. Modern utility woald regard Thnlcs as a mad- 
man. Ilolding a piceo of yellow resin in Itia liand, iftd)bing it, 
and then picking wp btta of down, or eatcliing floating feathers, 
the old Greek would have appeared a very imboeilo, and the mi 
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hoiio generaUoii would havo Jauglied at lib Pilly laljoiii-s. HhI 
when ho announced to bis school that this ambcf held a mn\, or 
eiwcnco, wliicli was awakened by friclioii, and weMt, forth fro«i 
!l.o hody in which it proviousiy lay dormani, and hrougltl hack 
fhu ^mnll particles floating around it, ho gave to the world tlia 
iiist liitit or a great truth wliioli has ndvnnecd our knowledge of 
lihysical plioiiomena ill a ninvvoHous manner, and ministered to tlio 
refniomonts and to the lieccssities of civilisation. I'laoh plionoui. 
cnon whieli proKcnts iisolf to m, however simple it may appear to 
he. is an outward oxpreBsiou of KOnio iiilcriial Iriilli, the inter- 
pretation of which is only to ha arrived at by assiduous uttidy, 
but which, oiieo discovered, directs the way to new ];nowledgo, 
and gives to man n groat incrcaso of powci'. 

I'llcctvicily appears to lo diffuEod through all nature ; and it 
i.-^, beyond nil doubt, ono of the most iniporlant of llio physical 
forces, in the great jihenomona of creation. Iti the tliunilor- 
floud, swelling with destruction, it ro&ides, ready to lauiteh its 
darls and filialto Iho earth sitb its explosions : in tlio at^rial 
undulations, silent and insscen, it passes, giving tho nccowary 
I'TitUeincnt to tho organisms around which it floats. The rain- 
drop — tho Garth-girdling ocean — and f lio liitging waters of tlio 
hill-born river hold locked this mighty force. 'I'hc solid roeks 
— - (ho tenacious clays ivhieh rest upon them ~ tho fiuporfieial 
soils — and the incolicvent sands give ns evidence of the presence 
of this agency ; and in the organic world, whether animal or 
vcgotablo, tho oxcilement of electrical force is always to be de- 
tected. 

Til tho tiolar radiations, wo havo porhaps the prime raovei; of 
this power. In our atmosphere, wlion calm and eloudte, it 
great ocean of light, or when sonilji-o -with tho iDighty aspect of 
llie diro tornado, wo can constantly detect the struggle between 
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tlio oiciiionb uf mnftor to jiisiiiiliiiii an utiiiiiiljiiiiin ufokcfrieal 

DifiTusod throughout mnltcr, elochicKjr is over activo ; but it 
liiURtbo rciinombercd that, allbough it is evidenlly imecoBSary 
agent in iil! tho operations of nattito, it is not Iho iigent to 
wiiioli ovcrytiiing unknown is to bo rcfen'od. Doubtlc!^ tho in- 
fluonco of t!ua force is uioro oftons^c than wo ha\c yet <Ii&do\ 
orcil, l)ut thit H n indolent philos [hy >>liu,h lofoi* withont 
oxainmation r\cry in^sku ns pliuniiKrun I tlii, inIIululu <f 
oioctuoity 

Iho (|«cstion i>hit IS dccliicilj 1 h tmi luplovcd niiil 
RlillcoDlinucs to igilnle tho worll ot tiU<n(.c A\ hilo oiio set 
of cxpcimieiililists Into ciide-nourcd to c\|1imi Iho phenoniena 
they hi\o witnos ed upon the ihtoiy Ikt okclucify I3 a pccu 
liar subtihi fluid pervading inaltor, and po.ssessJng singular pow- 
ers of uttractiou and repulsion, aiiollicr purty (ind thenisclvoa 
eoiispclled to regard tlio plionomena as giving evidence of tlio 
action of two fluids whtuli are always in opposite afafcs : wliilc 
aKoin, olcetricify has been eonsiilorod by othevfi ns, like tlie at- 
traction of gravitation, a mere property of iiiatteF.('^) (Jertaiii 
it is that, in the ntanifostationsof electrica! plicnoineiia, wa have, 
as it appear?, tlie evidenco of two conditions of forco ; but ill tho 
Btalos of positive or negudvc, of vilreom or resinous elucfvieity, 
wo liavo a faniilifiv ospknatioii in tho nssninpliou of some ourront 
fiowin^ Into or out of tho material Iwly, — of somo principle 
which is over active in inaintaining its cc|uiUbriun), which, conse- 
quently, nuist act ill tiro directions, and always csliihit that 
duality ivhieli ia a striking eliavacterisfio of this snbtile agent. 
It is a cnrioas, and it should be an inslructivo fact, tJiat eacli of 
the throe titeoriea of electricity h eapahlo of proof, and hm, in- 
deed, hfiGTi raost ahly suppoitod by the rigorOHs analysis of 
mafhemiiticB. When we remeniijcr that KOino of tho n^wt en- 
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1 i;>5ileJio(i invosligafors of tliis and the pnst ago liavo scveraliy 
)ii;iiiilaiiieiJ, in Hso iBost nblo tntmner, these dUsiinikr views, wo 
slioultl hesilato boforo we proiiouneo an oinitton upon Oio cause 
or causes of the very coinplieated phonomcna of olcctcicn! force. 

Althougli vto (iiscover, in all Iho processes of naturo, the 
iimiiifcslnlioiis of tiiis pijnciplo of foreo in its cliaractoiistic condi- 
UoiiH, it will bo noeossary, boforo wo regard llio groat plienomona, 
10 examine tho known sources from wliicli ivo can ovoko the 
iiiiglsty power of oleetricity, J( n-o rub a piece of glass or rosin, 
wo readily render tliis agent notivG ; fliosc subsinnces appear, by 
lliis oxoiteinent, to heconio surrounded by an atlractivo or a 
repoUont ainiospliero. Let us rub a strip of writing paper with 
-Indian rubber, or a strip of Gutta Porclm willi the fingers in tho 
dark, and wo have tho manifestation of several curious phonoino- 
Jia. Wo have a pcouliar altraeting power ; wo tiavo a luminous 
discharge in the sJiapo of a spark ; and wo have very eonsiblo 
ovidoneo of muscular disfutbanoo produced by applying (ho 
iiiuieklo (o llio surface of llio material. Tn oaeh case wo have 
the development of tho same power. 

Mvetj substnneo in iiaturo h an eloodio, and, if so dispoiod 
fliat lis eleetrieity may not fly off as it is developed, wo way, by 
friction, matiifest its picscucc, and, indeed, measure its (juan- 
lify or its fmco. All bodies aio not, however, cfjiially good 
clectries ; sbell-hic, amber, rcMns, sulphur, and glais, exhibilinf! 
more powerfully tJio phenomena of fiietional or mechanical 
oloctrieity than the mofals, charcoal, or jdumbago. Solid bodies 
idiow this poeuUar principle to pass alonj^ them also in very 
diil'eront degrees. Thus oloctrieity travels readily through cop 
IKV and most other metflls, platinum being tho vfon>* metalliu 
conductor. t( also passes tbi-ougb Hying atiinuli and vegetable's, 
snioko, viipnur, vare!icd air, and moist eailli ; but it is olj^friicfed 
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A Jioydcn pb I so callc 1 f om iis iuveiilor, Muschcnbrock, 
liaviiig rcaidcd t J j le e oly a gla?a bottle lined witliin 

and without, to w tl n fo t cI cs of tbo top, with a inelal coat- 
ing. If a wire or cbnin, cnriymg an olcelvio currciit, is allowed 
to di(> In (ho boltoin of tlio botllc. Hie iimev coat of the jar 
becomca cliaiged, or galbors an ckcces, whilst (lie outer ono is 
ill ils natural condition — ono ia Baid to bo in a positive, and (lie 
other iu It negative state. If fho two coalings nvo now coiiiiccled 
by a good conductor, as a pioco of eopiiai- wivo, t»assiiig from ono 
to the oth(s, tho outside to the insido, a dischai^o, arising fiflni 
tho eslablislimont of tho equilibrium of tho two eonlings, takc« 
place; and, if tho coiiiioction Is made tliTOUgb tho medium of 
our bodies, wo ore sensible of n severe disturbance of the nerv- 
ous system. 

'l-'ho causo of tho conducting and non-conducting powoi^ of 
bodies wo know not; tliey boar some relation to tlioir conducting 
jwwors for caloric; but they aro not in obedience to fho annio laws. 
When wo consider that resin, a eoinparntivoly soft body, in 
which, oonaeqyently, cohcfivo allrnction is not very strong, is an 
imperfect conductor, and thai copper, in which cohesion is much 
more powerful, is a good eonduotoF, wo may be disposed to iim- 
fiider that it la regulated by tho closer approxiMiation of tlio 
paitidcB of matter. Bat in platinum tho corpaseulav iirrHn,",o- 
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liioiit iiiii'il lj!i iimcli mora (lon?o Ibau if is iii copjifr, ami yel if 
i.^, coiiijisieii siiHi it, a very bad eonci«ofoi\(" ) 

Wo liavG now Icaiiiod tiiat wo may, by friofioii, oxcito tlio 
clcoliicity ill a vitremis siibsiaiice ; but it nmst not bo forgolton 
that wo OKisnot jiicraaso tlic nuantily wbioh is, uiuloe owlinary 
conilitioiis, naluvnl to the electric; to do w, wo must in BOmo 
^tny oslablish a cliDnnol of conimiinicnUon ivitlt tlie ctirth, from 
wbioli, through tho medium wo oxoite, wo draw our supply, 
Wc have tlio means of confining tbia mighty force, and by placing 
conducting bodies upon insulating ones, wo may vctain a consid- 
erable quantity of it, in the sanio way as with tho Leydeii jai' : 
but tliero is a constant cfRirt to maintain a balance of tonditionB, 
and tho body in which wo have accumnlalod any extraordinary 
([uantily soon returns to it.i natural state. 

A very KJmplo means may bo fldo|)ted of allowing what is 
tfiought to bo ono of tlio many ovidoncos in favour of two oloc- 
tiioitics. If tho wire carrying tho current flowing from tho 
maehino, is |m««d over paper covered wi(!» nitrate of Bilvcr, it 
produces no change upon it ; but if the wire which convoys tho 
current to tho instrument, when it is osciled, is |WiSsed over the 
i^anio |>apor, tho silver salt is decomposed, ('**) Vt'e may, how- 
ever, explain this result in a satisfactory manner, upon tho 
)iyi>oihcBia that tho clecomposilion is produced by tho absfraetion 
or addilion of electricity, rather than by any physical difference 
in tlio fluid itself. By this frielional okotrloity wo may produco 
curiouB niolecular disturbances, and give rise to re-arrangements, 
which have been ealM " electrical images," in glass, in etono, 
and in the Bp|>arontly li^ traelablo metals; — again, many of 
iho great natnral phenomena may bo imitated by ftmiliar 
arrangomenta of eleetrios-C*) 

Voltaic elecliieity, as the aetiYO force produced by choinieal 
(■hango \n eomnionly eallod, in bonotir of llie ilUistrious Volta, is 
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Jiow to be eons'idored. It aiffers from frictional clcolrieily only 
in (his : tlic ekclrioity developsid by fiielion of lite glass i)kio or 
ejVmdcr of tho electricai maeliine, is a dtsebavgo with a mtt of 
csplosioii, whereas thnt whleh is generated by ehemieal netioii is 
a steady flowing ourrent. Wo mny contparo ono (o the ignition 
of a mass of gimpowdoi' at onco, aii<l tlio otlior to flic samciiuan- 
tity Bprcad out into a very prolongcil train. 

Tlicro aro ruiHcrous ivays in which \n may oxcilc tho plic- 
noiKBnaof Voltaisin. but in allofthcin the tlccompositioii of ono 
of tho ooiiipoiincls oniployctl appears to ho necessary. This is 
the case in Hio arrangements of galvoiiic batfeties. in which two 
dissimilar metals, Kino and copper, silver and iilatinuin, or tlio 
liko, aro iinmeraed in fJaids ; llio ■am or the silver aro gradu- 
ally converted into sohiblo salts, which are dissolved, whilst tho 
copporoi- iilotiiiuin aro proteeted from any action. The niost 
siinplo innniior of ilhistiating tlio dovolopment of this electricity 
is by placing a piece of silver on the tonguo, and a piece of Kino 
or leatl undemoatii it. Nu cftbetwiU bo obeorved so long as lh« 
two metals are kept asunder, but when their hands arc brought 
together, a sHglit sensation will pass through tho longnc, and a 
saline taste bo distinguished by (lio palate. 

Tliis, the germ of (lio most striking of tlio scicnccH, was noticed 
by SulTor, fifty years before Galvani okervod the convulsions 
in the limbs of frogs, when excited liy the action of dissimilar 
iiictais; but (he former paid little aftonlioii (o tho phenomenon, 
and tbo discovery led to no J'esiilts. 

When Qalyani's observant mind was directed to tho remarUa- 
blo fact that the move cont.iet of two dissimilar metals willi the 
moist surfnoo of living nmaeles prodneed convulabns, tlicre was 
an awakening in the soal of that philosopher to a great funda- 
mental truth, witieh was nurtured by bim, tried aTid tested, and 
preserved to ivorl; its mavvcls for fnttiro agea. 
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OM SlUMCUIxAR CO^TB ACTION'. lf)l 

Altliougb Use world of seienco looka back to Yolta as tlio ami 
Viho gavo (ho first true iHterpvofntioii of (liis lUscovoi^, yet tho 
CT.linary ivorlil will nover disconnect this iinportant brauch of 
pliyfiieal scioneo from tho ntitno of Galvatii, nnil cliomical olcctri- 
city in nil its forms will for over lo known uiiilor tlio familiar 
DamoofCalvanisni. 

Jicl «3 oxniiiiiio lis pliciionieiia, in ifs most fiinnilo pliases : — 
If wo placo a live flounder ui)nji n pieco of nine, put a sliillitig 
on ila bnek, anil (lien touch both mofils ivi(!i (ho ends of the 
'imo niodllio wiie tho lish will cOnbit puiiiliil i,oii\uKn.ns 
'lilt /iiio becomes o\idij(cd by tho sci intioii of o\jgi,ii lioin the 
fiiud oil (lie snifaco, with which it is in contact, whilst hydiogcii 
(IS H hlrntcd nt the other mptil How tho nnpuKc which it 
d mod fioiii Iho /UK IS ti msinilfi 1 thi iiij^h Ihc I )dy of fhi, 
iiiiiinl 01 tin tongue to ll o iihci oi eipp i is tlio iii\t lOu 

Wo can only iindorstmd this upon Iho sup].insition tint t 
oin.iof impulses aiocoiniimiiicalcd m (ho most mpid niannoi 
\\m«; tho lonnLCdng lino , the ulei of n current, although (ho 
tirm K commonlj omploytd, (ends to convey in impitei-t im 
pic^ ion to tho mind It woiilil teem latlioi (hit a dfturb 
once (InougliOHt (lie cntiio eiicuit h at oiico tot up by h 
Kuci oi MhntioiHDF impnlsos commtmifitod from jm lido lo 
[ittitlo, and ilong (lio strange nctworl. of noivcs Ono bct of 
tlicnmil ilemi-tits huo a teiideticj to ilc\plopo thontsoWcs it 
Omt point where vibration is first connniinieafect to tlio mass from 
ii belter conductor than it is, and another set at ilio point whom 
it passea from the Jiody to a bettor ootidHctor than itsolf. The 
cause of tlii-s is to be Bought for ia iho kwa which rogulafo mole- 
eiilar coiistitudon — by which olieraieal affinity is dlt^urbed, — 
iind a now aUrnotive force exerted, in obedtoiico (o which tho 
vital energy is itself figitatcd. Wo must not, however, forget 
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tliat it is probable after iili, altliougli not yet suscept'tWo of preof, 
tlint tlie electricity does iiotbing more than disturb or qiiickeii 
tlio unknown principles upon wbiuli cheiaical and vital phonom- 
etia ilopend, being, indeed, a secondary agont.("*) 

Notivithstonding our long aequainianeo with tho plionomoiia of 
(lalvanism, there ore but few who cnteElaiu a correct idea of tlio 
onornious amount of electricity which is nocctaary (o (lie condi- 
tions of matter as wo know it, To Faraday we are indebted for 
tho first oloar view of the most reinnrlcnblc deduction of Scienco. 
llo luis proved, by a series of exceedingly beautiful and most 
conclusivo osperi incuts, that if (lie electrical power which holds 
a grain of water in coinhination, or wliicli causes a grain of 
oxygon and hydrogen to unite in tho right proportions to form 
water, ooulcl bo eolleoted and thrown into tlio condition of a Voltaic 
current, it would bo osactly tho quantity required to iiroduco tho 
decompMition of that grain of water, or tho liberation of its 
clement^, hydrogen and oxygen. ('"} 

])y direct experiment it has been proved timt one equivalent 
of nine in a Voltaic artatigcment evolves suoli a quantity of 
oleclricity in tho form of a current, as, passing tlirough water, 
\vill dceomposo osactly oho equivalent of tliat fluid. TIio law 
has been tluis expressed : Tho oleclricity witich dccomiioses, 
and that wiiioli is evolved by tho decomposition of a oorfain 
quantity of matter, are alike, Tho equivalent weights of I«die3 
are those quantities of fhoin which contain equal quanlillcs of 
electricity j oleclricity determining tho equivalent number, bo- 
cause it deterniincff the combining force. ("*) 

Tho same elegant and eotreet cxperimenlalist has ^lown that 
Bino and platinum wires, one-eighteenth of an inch in diameter, 
and about half an inob long, dipjied into dilute Kulphumacid, 
Ko weak that it is not sensibly sour to tlia tongue, will cvolvo 
more elcotiicity in ouc-twenlietb of a minuta than is given by 
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Hiivly [urns of a large and powerful plafo cicplrical mncliiiio in 
full aclioii, !i quaiitily ifliieli, if passed ilivongU tlto head of a mt, 
is SHflbieiit to kill it as by n dash of liglitniitg. I'ursuing lliis 
interesting incjuiry yet lurtlwr, it is foHtid tbnt a Binglo grain of 
iviiter contains ii miicSi cleetrii,ily as lould ho aeoHntulated in 
f^OO.OOO Loydoii jnis, cioli loquinrifr tliirly turns of tlio lavgo 
iimcliino of llie Itoj \\ Institution to charge it, — a -lunntity equal 
to lliat whicli is developed fiom a elinigid llml1dc^eloud. " Yet 
ive liave it rmdei perfect conimaTid, — can evolve, direct, and 
employ it at plcasuri, , and wlioii it has porformod ila full work 
of clcetroliaition, it lias only sepirnlcd tho clciiicufs of a single 
grain of water." 

it has iecn argued by many that the realities of Kcicneo will 
not admit of anything liko a poetic view witlioiit degrading its 
liij;!! offieo ; that poetry, being tho imnginativo aide of nature, 
Itfis nolliing in coriiriion with tho facls of expcriincrtlal rcscaroh, 
or with llio jibilosopiiy which gencraliws tho discoveries of Bovero 
induetioH. Jf our science was perfect, and laid bare to our 
senses all the secrets of the Inner world ; if our philosophy was 
infallible, and always oonnoeted one fact with another through 
a long series up to tho undoubted eauao of all — then poetry, in 
the sense we now nse tho lorni, would have liltio business with 
the truth; it syould, indeed, bo lost or embodied, like tlto Kfara 
of heaven, in tho brightness of a meridian sun. But fo take 
our present fact as an example, how imporfant a foundation dooM 
it oftbr ui»nwbieh tobuild a seriesoffhouglits, capable of lifting 
tho human mind above the ninlerialitics by which it is surrounded, 
•—of exalting caoh common nature by the vefiHcrocnt of its fresh 
ideas to a point higher in tho scale of intoUigeneo, — of qniek- 
cnlng every impulse of tho soul, —and of giving to mankind 
most lioly longinga. 

What does seicnco toll us of tho drop of water ? Two gnses. 
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tiio one c\ ilin^ lito nril q«itUniii<; (.timliHsbim, tlic oilier a 
liigliJy irid unimbio au, nio, hy (he iiifluLiiie ot i conibinaliou of 
powers, biought into a liqiHil glolie We can, from tliU crystal 
B|)hore, e\oko hoat, bght, elcctucif^, and aotinnm m onornioiis 
quantitlci , aod bojond these vic can h3c [joftoii or forces, for 
which, ill the |)o\erly of our idcns niid oui woid^, wo liavo not 
nanioi]; and ivo kirii tint o\oiy oiio of those iiiinciploq la oit- 
gagcd ill iininfaimng tho (,011 il it ions of each drop of water which 
rofrcRhcB orgaaic iiaturo, and gives gladness to man's dwelling 
])laco. 

Has poetry a nobler tliemo than this ? Agencies aro Kcon like 
winged spirits of infinite power, each ono working in it,^ own 
peculiar way, and all to a coniniou ond, — lo produce, under llio 
guidance of omnipotent rulo tho waters of tlio rivcra and tlio 
Boas. As the gieat oetiri iniirois tlio bnglit heaven wtiieh over- 
spreads it and reflects bick tlie sunlight and tlio sheen of tlie 
midnight slais in grandeur in 1 lovclincs ; so every drop of 
water, viewed with tho knowledge whit'i fcetoneo baa given to us, 
BOnds hack to tho mind rfflectuni if v t distant Imths which, 
rightly fdtowod will load us upw uds 11 1 on\¥ard8 in the tract 
of highei intclligeiicea — 

" To tho abodes ivlierB tlio elctiinla arc." 

Tn the discoieries connected with olcctrieily, we have results of 
a more tangible character tban are as yet connected with tho 
otiier physical forces ; and it does appear that this ecienco hast 
advanced ear knowledge of nature and of tho mysteries of crea- 
tion far moro extensivoly than any other departmonl of piiri^Iy 
esperimental inquiry. 

'i'he phenomena of eleoiro-ehemical action are so strange that 
wo must return for a moment to the consideration of tho doeom- 
posilion of water, and tho appearance of hydrogen at one pole, 
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ami of oxygGii st the othor. It appeara that some eonfoatoii of 
our Wcas lias arisen from tho vkws isliioli liave been reoeivcd of 
(he iitoinie eonstitutioa of bodies. V/g have boeii nceuatomed lo 
regard water—to iako tliat body as an usamplo of all — as a 
iiojiiiiound of tjvo gasCR, liydirogoi and o\ygeit ; an equivaioiit, 
or Olio atom of tbo fiifit, iinilud to an ctiuivaloiit, or ono atom of 
(lie Inat, forming one atom of ivalor. i'itis atom of water ivo 
ri!j;ar(l as inliiiitoly siiiall; ooiiscquotitly, a diO|) of water is made 
\t|i of many liuiidicds of tlicso coTabined atoiiiH, and a pint of 
wiitcr of nol lots tlian 10,000 dro|i9. Now, if lliis pint of wator 
is connected witU the wires of a Galvanic ballery, nllhougb tlieso 
Jii^iy bo some iiiclios npavt, for every atom of oxygen liberated at 
ono polo, an atom of liydrogen is set free at tbo otli'or. It lias 
been llioiigbt ibatanatom bas xindoroono dcconiposilion at ono 
point, its oxygen being torn from it, and then tlicre bas arisen 
tlio difficulty of Bonding tbo atom of bydrogow throngli nil tlio 
eoiiibined atoms of water aevoM to the other polo. A Porios of 
douompoKlions and recoiupraitfona have boon supposed to tako 
plaee, and tbo oonmnmioation of effoeta from iwrliclo to particle. 
An attracting power for one class of bodies has boon found in 
oiiH polo, wbicb is repellent to another oIhrs; and tbo rovorso 
order bas boon detected at tbo opposite pole of a Galvariio arrango- 
inonl.C") That is, tbo wire wbiob carries the current from aii 
oseited zinc plato. bas a relation to all bodies, wbiob is directly 
opposito to that wbich is o.\liibifod by the wire convoying tbo 
etirrcnt from, or eoinplcfiog tbo circuit ivilh, the copper plato. 
The one, for instance, collceis and earriea aeids and the like, 
Iho other the inetalHo bases. At tbo extremity of ono Galvanic 
wire, placed into a drop of water, oxygen is alwaya liberated; 
and at the end of the other, necessary to complete tbo oircuit 
with the battery, hydrogen is set free. 
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It appears necessary, to a clear imilorBtaniliiig of ivliat (likes 
plneo in tbia expeiitiicnt, tliat ivc sliould rcgavd each mam, liow- 
Koevor largo, as tho represcntattvo of s single atom, Nov is this 
diffloiiif, Hstlio following iUusi ration will show : — 

]jOt ys talto Olio particle of common salt, (chhnie of sodium') 
neighing less tban » grain, and put it into a hundred tliousand 
grains of distilled water. In a few ml mites it has diffuficd itaolf 
through the whole of tho fluid, and in every drop wo can detect 
chlorine and soda. Wo cnniiot hcliovo that this grain of salt has 
split itself up into a liundred thousand parts ; wo conceive rather 
that tho phenomenon of solution is ono of difl'usion. One infi- 
nitely olaslie body has inforpenct rated with aiiollior. 

Tnstcad of an experiment with a pint of water, let «a fate our 
stand on Dover lieights, and, with a gigantic battery nt our 
command, place ono wire into tho ocean ou our own Bhoros, and 
convey tho other through the air across the Cliamiel, and lot itit 
cxiromily dip into tlie sea off Galiiis pier — the cxpevimont is a 
praof icablo ono — we have now an oleclrieal eivcutt of which the 
British ehauiiel forms a part, and the result will be exactly the 
same m that whioli wo may observe in a watehglass with a 
drop of water, 

We cannot suppoi-o that tlio instantaneous and tiiniultancous 
cfteet, which taltes placo in tho water at (lahils and at Dover, is 
duo to anything like what we Itavo studied under the name 
of convection, when considering heat. We cannot eonecivo tiiat 
tho jmrtiolo A excites the particle Jl nost it, and so on through 
the series between llio two shores ; hut regarding tho Ohannol as 
one largo drop, charged with tho eleclria principio as tve hnow it 
to he, it is excited by undulation or tremor throughout its width, 
nnd we havo an oquivalont of oxygen thrown off oh one side of 
the line, and an exact equivalent of hydrogen at the other, tho 
electro-chemical influeneo being osevled only where the current 
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OF inolion is iraiipfcrrcd from one mciliuin to iiiiot!ior.('*') I'liij 
imperfect obarnclor of this viow is fteoly adiiiitteil ; but i'o_!;(iriil- 
iii^ Ihis rcmavkablo class of plienonjenti aa due to an internal 
oxeiloment of Uio body under docomposition, rathcv than to any 
cxlornid one, no other, eonsistont ivUIt known facb, prefionts 
i(-plF by wliiub tbo cfFoct can bo oxplaincd. The fact stands ns a 
Inilli ; the liy|(othesis by'ifliich it is attempted to bo interpreted 
is open to donht, and it is opposed to somo fuvonrito theories, 

Before we pa:^ to the consideration of the other Konrces of 
oleetricity, it 13 important wo should understand that no ohoinical 
or physical change, however slight it may ho, can occur ivithont 
Oio dovotopmoHt of olcelrical power. If wo dissoivo a Halt in 
ivatcr, if wo mis two fluids together, if wo condonso a gas, or 
convert a flnid into vapour, electricity is disturbed, and may bo 
raado manifest to our senses. ('") 

It has boon shown tlut tliis ]>ovyer may bo excited by friction 
(machine eicctrieity) ; and it now remains to apeak of the elec- 
tricity devolopi'd by lioat (thormo-olcclricitj), and tlio eleetrieity 
esbibited under norvous excitement by tho gynmolns and torpedo 
{animal electricity); magnetism and its plienoinoim boing ro- 
scrvcd for n soparato consideration. 

tf a bar of niolol is warmed at ono end and kept cool at (ho 
other, an electrical current circulates through tbo bar, and may 
bo carried oflfby connccfion with any good conductor, and shown 
(0 exhibit tlio projicrtics of ordinary electricity. The motaJa 
]ie-.t suited for showing tho cfl'ucts of tbcrmo -electricity appear to 
bo bibmuth .md antimony. By binding l«o baro of these metals 
togetlior at ono end, and connecting tho other ends with a (ful- 
ianometer, it M'ill bo discovered that an eleclrio current |ki»3S 
u!r through tlie instrument by iho slightfst variation of tcmpera- 
iuro. Jloroty clasping the two metals, where Iwuiid togetber, 
with tho finger an<l thumb, ia sufllciont to cxbibii the phcnonic* 
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non. By n scTica of sueJi arrangonionfa. vAmh forjii wlmt 
liave bfien cailetl {liBrnioclcetric muUipIiors, wo obtain tJio 
most delicate mcasurors of hcnt mth wltioh phili^topliora aro 
aciiuainled, and by the aid of whioU MoHoni has been eiiabled to 
|)ursiio Ilia beautiful reseavchos on radiant caloric, 

Tliat lliis olcetrlcity !a ideulienl with (ho other forms lias lioeu 
proved by ctDploylng the current thus excited for tho (lurpso 
of producing chemical decomposilion, iiiagnotisin, mid uleclric 

light, c") 

'I'lio plieiioiiicnoti of lli or mo -electricity — tlio discovery of 
Seobeck, is anothei- iitoof of llio very eloso conueotiou of tlio 
physical foioeg Wo witness their being resolved as it were into 
each other, cleotricity pioducing heal, and licat again electricity ; 
and it 13 fiom those (.uuous results that Iho argiiiTioiits iii favour 
of their iiilionle relations and actual identity have hecu drawn. 
It will, howe\ei, bo found to ho tlio best philosophy to regard 
thoBO forces aa dissiunlar, until wo are enabled to prove them to 
bo only modified forms of one principle or power. At tlio sanio 
time it must not bo forgotten that in natural operations wo iii- 
VBvlably find lS:o combined action of Kovcra! forces producing a 
Kinglo phenomenon. 'Jho important fact to ho particularly 
regarded is, that wo have evidenec that every substiuice wliioh is 
uncqonlly heated, bocomcs tiic soticeo of this very roniarkahlo 
form of electricity. ("^) 

There exist a few !i«ho3 gifted with the very extraordinary 
power of producing clootiical phenomena by an ettbrt of nms- 
eular or nersous energy. 

'Jho Gymnotus ekctricm, or electrical eel, and the Mitia tor- 
pedo, a speotea of ray, are the most remarkablo. Shis power is, 
it would appear, given to these curious creatures for purposes of 
defence, and also for enabling them to seouK! tlioir prey. 'I'ho 
Gymnotus of (ho South American rivortt, will, it m said, whoa 
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ill full vigour. Bend forlli n discliavgc of elcoirioiiy wiffieleiiEiy 
[loivCL'fui to Ituock down a man, or to Ktim a hoitio ; ivliiio itcoii 
ilestroy fishes, through a con side iiihio spiico, by exerting its 
slrango avtiileTy.("^) 

Fiiraday's doecriplion of a Gymmtiis, ^smXyAng and seining 
its prey, ia loo grapliio and important to ho omitted. 

"'I'lio Gt/miioius oan lituu and kill iish whicli nro in very 
various positions to its own body ; hut on one day, wlien I snw it 
<mI, its aetion teemed to mi- to ho peculiin-. A ]ivo libli, ahowt 
live inches in length, caught not half a minnto hofoie, was tlrOj>- 
pcd into the tub, 'J'ho Cyumolvs instantly turned round in 
mull a naaiiner as lo foim a coil, inclosing the fibh, tho latter 
leprt.senting n dinmotci aeiosa it ; a shock iiasscd, and there, in 
an instant, was tho Csli htiuuk motionless, as if by lightning, in 
tlio niidsl of iho waters, its biile Ibafing to the light. 1'ho Oi/m- 
iiutiis made a turn or two, to look for its prey, which, having 
found, ho boltwl, and then went about Boarching for moro. A 
second smaller fish was given him, which, being hurt in iho 
t'onvoyauce, showed but little bigns of life, and this lie swallowed 
at oneo, apparently nithout shocking it. Tho coiling of tho 
(I'jmnotus round its proy had, in this case, every ap(>eaianGO of 
l>cing intentional on its part, to increase tbo force of the shoek, 
and tho action is evidently well Builed for tliat purpose, being in 
fall aoeordancG witb tho well-known laws of tho discharge of 
currents in masses of conducting matter ; and thougli llio fish 
may not always put this artifieo in practice, it is very probable 
Jio is aware of it.s advantages, and may resort to it in cases of 
need. ("^) 

Aitiiiial electricity has been proved to ho of the same eharac- 
fcr as that derived from other sources. Tito shock and tho spark 
■.xxii liko those of the macldnc ; and the eiirront from the aniniul. 
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cireulnting nremnil soft ivoii, Viko Oa\viiii\f', (^lccAlWl^y, )ms i\m 
property of rcnileriiig it magm;tie. 

It 13 important Unit wo sliouUl now rovlow tlteao eoriditbiis of 
clcelrioal force in coiiiiosioii with llio greftt physical pbenotticiin 
of nature. 

It is Buflicioiitly evident, from tlio results wliicli liavo been 
examined, that all inattcv, wliatovcr may bo its form or eoncliKoii, 
ia for over under tlio operation of (lie pbysicnl forces, in a sinto 
of dialurbanco. From tbo centre to llie Burface nil is in an activo 
condition : a stato of inulalion prevails with every eceatcd tiling j 
and Koioneo clearly sliowa tbat influences aro constantly in action 
which prevent tho possibility of absolute repose, 

Under the osoitoment of tbo several agencies of Ihu solar 
beams, motion is given to all bodies by tlio cti-ciilation of ealoric, 
and a full flow of elect rieily ia sent around the earth to perform 
its wondrous vforlcs. The Bolar influences, which wo regard as 
light, beat, actinism, and electricity, uro active in eftocting an 
aelual cbango of state in matter, and in all probability in intlucn- 
eing tbo great njagoctie plionomona of tho world. The sunbeam 
of tho morning falls on tho solid earth, and its influeneo is (bit to 
(lie very centre. Tho mountain-top catebca Iho first ray of light, 
and its Siaso, still wrapt in mists and darkness, is disturbed by 
tbo irradiating power, Tbo orystallino gems, hidden in tho davk- 
nesa of tbo solid roek, nro dependent for that fbrm wbieli inakca 
tliom valued by tbo jiroud, on Ibo bifiuonco of tboso radiiUioiia 
wbicb they aro one day to refract in beauty- Tho mctalsi locked 
in the chasms of tbo rifted rocks are, for all tbetr physical pccu- 
liarilics, as dependent on solar iniluence as is fbe (lower whlcb 
lifts its head to tho morning sun, or tiie bird which sings " at 
heaven's liigh gafaj." 

Let «8, then, examine bow far electricity, as distingniBhed 
from the other lowers, acts in producing any of these eiS;cts. 
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"Wo (iiid deotrici!y in f!io iilinosiiliero, in which it was iirsL 
rlelcolod by (he elcctrica! kito of Dr. I'tanklin, and proved to ha 
iiloiitioiil «llli that prineiplo pvodiicod bj tbo friction of glass. 
Tu tho grniidcur and terror of n thuiulor-stonn mauy Keo notMii^ 
liut inanifoslatioiis of Alruiglity wralh, When the volleys of (hit 
Imr-tiiig cloud are pioiT ill K the di tiirbed nir, and tho thunders 
I ll o d ficl ^rgo I cfil K (h 1 a If 1 notes above our heads, 
to 1 at CO 1 t s f ll 02 3 exhalations arising 
f " I ' 'j 1 a I e„clablo juasses of ihis 

ll o eft etc 1 ! 1 e I fttc 1 for tho purpose of health 
1 eg tat n f i n 11 ro gU to tho ground in tho 
heavy rains wliioh neuaHy folloiv tlieso storms. Scionco has taught 
inan lliia — has fihoiyii him that tho " partial evil " arising from 
the " winged holt " is a " universal good ; " and, more ttian 
ll s it has nil icd 1 ni «ith tin i r ins of jnotecting his hfo ^nd 
11 pMty fioin Ilia inlliionto ot iighlniiigs By niotalln, rods 
c 1 e I nj a ohininoy t towoi oi i nnat wc may form n 
J uiii 1 (1 1011 h which tho whole of tlic clechiuty of the tsct 
t u (jt, thundei tloud isij he eiiiicd hniinlcisly into tho parEh 
1 tho soi anl it is ploasmg to obsono that at loii{,th proju 
h o his been oiorcomo and oonduot<is' arc {,onoiftUj 
lUo'ied to hi^h buildings and to niosfe of (bo =bip3 of our 
Tiavy.C"') It was discovered that tho dovastating hailstorms of 
tliQ Kouth of FiimcG and Switnorlnud, ko destruot'ivo to tho vine- 
yards and crops, wore accompanied by evidcneoa of groat 
elcclrieal escilation, and it ifas proposed to dtscbargo tho 
oSectricily from tho air by means of pointed molallic rods. 
These bavo been adopted, and, it is said, with real advantage > — ■ 
eaeh rod protecting an area of tlnrty or forty yards. 'I'hos it is 
iliat seieneo ministers to our servico ; and how much inoro pl(^ 
ing is i( to contemplate the lightning, with iho phiioEopher, us 
an a;;ent destroying tho elements of pestilence, and restoring 
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(!io lioaUiifiiluofs of the air we brcaflic, flian wifh tlio n 

to SCO iu ito^ly tbo dreaded aspect of n detiiou of dcKtruelion. 

Tt liBS bccH thought, (ttid mncU ^tisfactory ovidcncu lim bcc» 
brought forward to Kupport tho idea, timt the earth's magnctiMk 
is due to currents of oleetriotty circtitaliug around the glolic ; and 
the probability also derived from cxpcritiictit is, that the great 
natural current is fi-om east lowest — that, indeed, it hau an 
unvarying reference (o the niotioii of (ho eartli in relation to the 
,un.('») 

'i'hoso torroBtrinl currents, as llioy have without doul.it a very 
important boariug on tiio i-tructural conditions of tlic rei^k-fornia- 
tions and tlio disttihutimi of minerals, retniiro an attentive con- 
mdcration ; hut we must, in the fifst place, examine, as far as wo 
know, the influoncos excrlcd, or supposed to be oxcrtod, by 
ntmosphcrio electricity. 

'I'ho phenomena of vitality have, by many, been consiJoi'od an 
immediately dependent upon its inthicnee; andavnUicroxtonsivfl 
BQvies of oxporiirtonts might bo quoted in support of this hyjiothcEis. 
The researoItoH of Piiilip on (ho action of the org-.uis of ilif^estion, 
when soparatod from their connection with tlio bvatn, but united 
with a Galvanic battery, have boon proved by Br. lloid to bo 
dolMsivo.('^) Since, as the organ is not removed from Iho inilu- 
cnco of lUo living principle, it is (|nifQ evident that the oleetrieity 
horo is only eccondary to somo mora important [lower. Wat- 
toucci has endeayourod to show that nervous action is duo to cloo- 
trie excitation, and that elcotrioity may bo made a mensuver of 
norvoits irritability. ('^^ There can bo no doubt that a iieculinr 
Busocptibility to excitement exists in some systems, and this is 
very strikingly slsowa in tho disturbances |)rcduced by electric 
aoflon ; but in the oxperimcnts which have been brought forward 
wo have only tho evidence that a certain number of muxcuhir 
contractions arc oxbihiled in oiio animal by a current of eleciri- 
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eily, giving a measured eftcct bj tiio Volfoitioter, wliieli are dif- 
fprejit from thosa p«^uccd u|)Oii anothei- by n CHrrent of iUa 
mmv power. An attempt 1ms recently been mmU hy Sir. A. 
Snico to rcduee t!io eloetrieal plienonieiia eoimected with vitality 
to a nioro exact system than had hitheito been done. Wo cnn- 
iiol. Jiowovcr, ren-ard tlio ademiit ns Kiicce^'ifHl 'I'lio antlior lina 

I t 1 I ost t ly t 1 1 g 1 ! fici- 

' J 1 ng C ) I tl 1 1 I t t 1 I city, 

f I t y 1 , t 1 ly d t 1 1 tl tl I C, «o 

lytl |1 [ 1 1 lyll t y t (lis- 

I t I J 1 1 1 tl It I bcci. 

II 1 1 tl t tl t t f tl t 1 I 1 ^ to 
'I I f (! ;, 1 bad y i tt 1 t tl con- 
1 I \ltl {} ] ftl 1 ap- 
1 I tl J 1 1 1 I -S ill 

I 'I 1 I t t 1 |1> 1 I I ' fll'f 

iiiani, hO f.ii as «c luiow i(. lliat tlio Irain is tbo centre, tJio 
hourco, aud toriiiiiintion of sensation is very cleaily provcil J)y 
jiiiysiologica! investigations. That the nerves are tlio media by 
which all scnsalion js conveyed to tbo brain, and also the insfru- 
inentB by wliioli tlw will exerts Us {Wwer over the musclcR, is 
Cf[ually well established. 3tut (o say that wo have any ovideneo 
to liupiiort the idea, tliat electricity liaa aught fo do diniclly with 
(hcKO great physiological phciiomena ivoutd he a hold assertion, 
betraying a want of dno eniUbn on the pait of tlio investigator. 
That electric eflcofs avo dovcloiKd during tlio oiieralions of vital- 
ity is most certain. Sueh imist bo Iho eaw, from tlio chemical 
i:lmnooa taking placo during rcsplrattoit and digestion, and Iho 
incehanieal movonionls by which, o\*en dttrhig esiomal repi'se, 
the ueoe^ary fundlons of the body are carried on. "Whelbcr 
okctrieity is the caHBo of these, or an eflcet aiising from tltem. we 
noiid not step to examine, as this ia. in the present state of our 
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knowlcdgo, a niero spcoukJion. Wc Jtavo no ovidcnee that 
eloetvloity is nn oscHing power, but rather fliat it is one of those 
fovcea sviiicli tend to eslablisls tbe eijtiilibriuin of inntEcr. When 
dUturbud -— «iien its equilibrium is overset — it does, in its 
efforts to regain ifa stability, ])rO(iuco tiiost roiiiarlinblc effects. 
An oleetrical machine must bo nildicd to exhibit niiy force. In 
all Galvanic nrraiigeniciils, oven flio moat simple, dissimilar bodies 
nro brought togethoi', and tlio latont oleetvicity of loth is dis- 
turbed; and, oven in tbo magnet, it is only when this taltes jdaco, 
that ils olcolrienl powors ore developed. In llio Gi/iimolus, elcc- 
trieity appears to bo dependent on the poivcr of the will of (ha ani- 
mal ; but, even in this estvaordinary fish, it is under only peculiar 
conditions that the electrical oxciteniciit takes place, and " what 
they inflict, they feel " daring the i-cstoialion of that equilibrium 
ivhioh is necessary to their hcnlfhy sfato. In every case, there- 
fore, wo fico that some power far superior to this is the ulliniale 
cnura; indeed, light aiul hoat, and probably actinism, appear to 
stand superior to this principle ; and on these, in some combined 
mode of action, in all probability, sensible cleetricity is depend- 
ent. Beyond oven thcio elements, largely as they are engaged 
in tho organic and inorganic changes of this wovld, fhoro aro 
ocoult powers which may never bo understood by thtita beings. 
Wa advance slep by Bfcp from tho most solid to the most ethereal 
of material creations, and wo examine a sories of extraordinary 
effeola produced by powers which we know not whether to regard 
HS material or immaterial, EO subtilo are they. On these, it 
Bpi^ars, we may exhaust our indtietivo invosligatinnK ■ — -wo 
may discover tho laws by which these principles set upon tho 
grosser ckinonts, and develop phenouiena of a very remarkahlo 
kind which have been unobscrvod or niisunder.^tood. 'Whetlier 
light, beat, and electricity are juodifieations of ono power, ordif- 
foroiit power.5 very closely united in action, is a problem we may 
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]ni.';sib!y jiilvii ; liul to laiow wlmt tlioy oro, appcavg to bo beyond 
tim iiopuM of t^iuiit-o ; mil it wcro idle to dretiiti of eluyidadng 
t]io causes iiiiUiou loyoiid tlicso forces, ititd by wliioU tbey sire 
legiilnled iu a\\ tiieir actions on dead or living mattcF, 

Bnriiig oliangea in tbo cleclfical eondiiionB of fho earth raiil 
ii!iiio5[iherc, vcgotablos givo indicntions of being in a peculiar 
Dianner influenced by tliis |)ower. It k proved by oxpoiimenta 
tliat the leaves of plants aro among tho best conductors of oleo- 
iiicity, and it has lience been inferred Ihat il nmst necessarily lio 
advnnlagcoua to vegetation. Tliat vcgefablo growth is, equally 
with animal growth, subject to olcetrlcity, as otio of its quickening 
powers, must be admitted ; but. all osporimonts which havo been 
fairly tried with tbo view of stimulating tbo growth of pinnia by 
ils agency, have given results of a negative chnrae lor. ('•■*) That 
a (3alvaiiic arrangement may produce chemical changes in the 
.soil, whioh may bo advantageous to tho plant, is probable ; but 
that a plant can be brought to maturity sooner, or he made to 
develop itself mora completely, under tho direct action of elee- 
(lieal excitation, appears to be ono of those dreams of scienoo 
wliich will have a place amongst tho marvels of alchemy and tho (lo- 
tions of aslrology. An ntlentivo examination of nil tho conditions 
)ioceRsavy for the satisfactory dovelopmont of tho plant, will rendoi: 
it evident., that, although the ordinary eleeUieal slafo of tho earth 
and atmosphere must inHuonco tho process of gorniination and 
vi^golable growth, yet that any addiUonal oxcitomont must 1m 
diislructivc to Ihcm. 'X'hc wonders wrought by electrieai power 
am nuitvolloHs; a magic influcnco is osorted by i^ and naiamUy 
the imiuiring nund is led at first to holiovo that eleetriclty is tho 
H!!-j>05verfal principle of creation; hut a liltlorofleotion will Borvo 
to convince us that H is a suborbinato agoni, although a powerful 

Ill proeceding witli our examination of tho phenomena which 
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present thcjnaolves in eonncetion wilh Ihc teirosirial currents, we 
purposely se|)aratfi luagiictisni from ilm-^o inoro dlsiinft ekofrit- 
obemical ogencicB, whioU play so iiiijinrfmi! a part in Elio great 
coaintcal operations. 

Kleotricity, wo bavo already stuted, Uowa (In'ouftli (if involves 
all bodies; but, like heat, it nppciirs to imilevgo a very rem nrk- 
alilo cliango in beconiing nsaociatcd with Konio forms of matter. 
AVe bavii tho plicnomcna of magiiuHKLn when an oleclrio current 
circulates tlirough a metallic wire, and It would appear tbat all 
other bodies ooijuiin a peculiar polar condition under tlie iidhicnco 
of lliis principle, which will bo explained in the next chapter. 

Tlio rocks, taken as niasses, will not conduct an oloulrio cur- 
rent when dry : granite, porphyry, slate, and limcBtono obslruel- 
ing its passage even through the Kinalle.st spaces. But all Itio 
molallia formations admit of its circulating with great freedom. 
Tills fact it must, however, be remenibercil docs imt in any way 
interfere with tho hypothesis of the exisioneo of oloclrioity in all 
bodies, in what wo must regard as its latent state, from wliicb, 
under prescribed conditions, it may bo readily liberated. Kcithor 
does it nflbot tho question of eireulation, in relation to tho great 
difliision of elcetricity which wo Kup|)otit) to exist through all na- 
ture, and to niovo in obcdienco to soma fixed law. Wo know 
tliat through tho superficial strata eleclrie currents eireulalo freely, 
ivliother thoy aro composed of clay, sand, or any mixture of tlieso 
with decQmjwscd organic matter ; indeed, that with any suhslatioii 
innnioistsltito they suScr 110 interruption. 

Tho oloetrioity of mineral veins has attraetod much attention, 
and numerous investigations into tho phenomena which the«) 
motalliforous formations present, liavo been made ff«m lime to 

By inserting into the mass of a eappcr lode, in situ, a metallic 
wire, which shall bo connected witli a measurer of Galvanie action. 
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ti \m» iil.'jo from llie iiisU'unient being brought into contact witii 
niwllier lode, iiu iniinediaEc effect is genoEaUy ptodwced, alioivinj; 
(h«t a current is traversing (brougU tho wires from one lode to 
ilie other, and contploting {lio circuJatloti probnbly over tho damp 
faoe of the rock in which Uio fissm'cs forming tho mineral veins 
exist. ("■") Tho oiirronla tlnis dotoelcd aro often fiuflicienlly 
aotivo to deflect r magnetic needto poworfiilly, to produce slowly 
elcclro-chcniienl decomposition, and to reader a bar of iron mag- 
nolic. Those currents must not. liowover, ho confounded with 
Iho groat clcclrieal inovonient on wliioh wo had Kpecniatcd. Tlioy 
are only to bo detected in tlioso mineral formations in wliich thcro 
is evidence of ehoniical action going on. and tho greater tlio 
niitount of this ohoniical operation, tha more energetic are the 
electrical currents. C^') Wo have, however, very good ovidonco 
thiit these local currents have, thouiaelves, many [recnliar in- 
(luenccs. It not unfrequontly liappcris that, owing to some great 
(tistnrbanac of tho crust of tho earth, a nnnernl vein is dislocated, 
and ono part cither sinks below, or fa lifted above its original 
position ; tho fi^snro3 formed hetweon tho two being usually filled 
in with clay or some crystalline nwssos of more recent formation 
(hail tho fiaauro itself. It. is frequently found that those " cross 
courses," as thoy aro called in mining langiingo, eontoin ores of 
a diflbront character from tlioso which constitute tho minora! vein ■ 
fur instance, nickol, cobalt, and silver nro not unfrefjiiently dis- 
covered in tliom. Wlicn those niotals arc so found, thoy 
ainmt invariahly oeeur hetwecn tho ends of tho dislocated lodo, 
and often take a curvilinear direoiion, as if thoy wore deposited 
iilong a line of electrical force, C*') 

Tn tlu) laboratory such m arrangement has been imitated, and 
!!i a maKj of clay nsed betsveen tho Galvanic elomouts, after a 
siiort periwl, a distinct formation of a mineral vein has taken 
plaao.(»*>) By tho action, too, of weak olectrieal currents, Bee- 



h, Google 



168 oiihMK 

ijuorol, Crop!-o, niid others liave been sueccMfitl iii imitating 
iiiituro BO far as to produce erjsfals of quarts and othci: miiicrala. 
Ill Bddilioii to this ovidcnco, in Bupport of ttio eWtri(ml theory 
of the origin of mineral veins, it can Iw ospoiimentally shonii 
that a sclirstoso strueturo may bo given io clays and Mndstono 
by Voltaic action, ("") 

Tlioro is often a very remarkable regularity in flio diveotioii of 
mineral reins : throughout Oormrall, for instance, tlioy most 
commonly liavo a bearing from the li. of N. to Iho W, of S. 
It lias lioiico been inforrcd tliat tliey observe fiouto relation to tho 
ningnetio poles of tho earth. Ilowovor this may bo, it is certain 
that the ore in any lodes which are in a dircclioik ai right atiglos, 
or noiirly so, to this main lino, ditFera in character froin that 
found in those, so called, east and west lodes ('^) 

The soiuce.s of chemical action in tho carlh aro nnnicrons. 
Water ^wjrcolaling tlnongb tho Foil, and finding its way to groat 
(loptlis througli tisanrcs in l!ie rocks, carries with it oxygen and 
various Balis in BuKit'ion. ^^^ntpl■ ngidu rising from bulow, 
whetlier inlilirated from the ocean or doticcd from other Kourccs, 
is iffiually of n high (oniporature, and it alvfays contains a lavgo 
(manlily of Balino matter ('"') Hy itieso causes alone eliomlc-al 
action nnts-t ho set \\\y. Ohenncal change cannot take placo 
without a (levolopnient of elccti icily : and it lias been proved 
that tho {jnanlity of electricity rcfjnirod for the produelion of any 
tliinge, is equ^l to that contained in tho sHb-=taHPcs undergoing 
Bucli change litvs a constant activity is maintained within tho 
caverns tf the reek by tlw agency of tho chonncal and olcetrl- 
tal clemoats, and mutations on a Fcile of grtat f randeur aro 
constantly taking place under tome direcfue force, probably 
maguotisnt 

'Ihe mjfcterious gnome, libouimj; e%cr hbourmg—in the 
foiimtion of metals, and the mi'-dnc^ous t'obalus of the mine, 
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anj tha poov creafiotis of Biipctsfillon. A vagtie fear is aprend 
iiiiioiigst great masses of inaiikitKl rclntive to tlio concHlioii of the 
<lark roeetscs of the earili ; a corinin tiiiaeknowleilgcd awo in ex- 
jjoiiiiiieoit lij- many on enteiing a cavoin, or dcsconding a mmo : 
iiot tho natural fear avising from tho ijeeulbrity of tho situation, 
but tliu result of a superslitlous dread, llio cfleet of a depraved 
eduealioti, |,y wliidi (licy iiavo been taught to retcr ovorylliiiig 
a liltlo bejond their iminodiato coiiiproticnsion to Bupcrnatural 
causes. I'lio ajiirit of demon wovsliip, as woU as that of hero 
worship, lias passed from tho ciirly ages down to tho present ; 
and under its iiifluoiieo Iho genii of the ICast and llio demons of 
tlio West have preserved liieiv trBditioiinvy powers, 

J''iciioii lias employed itself with tlio iilniofil licciifio in giving 
gloiviiig pieturea of Irenfiures liiddcii iii tho cavtU's rcecMcs. 
Tho eaverns of Gliilniinar, tlio cavo of Aladdin, the aljodoa of 
tho spirits of the Harfz, and tho dwellings of llio fairies of 
J'Jiigknd nro goni-beapanglcd and gold-glistening vaults, to which 
man Itas never reached. Tlio pictures ato plci^ing ; but although 
they havo l!io eloineuts of poetry in (hem, and deiiglit tho young 
mind, Ihoy \i'ant tlw sterling test of scicntiiic truth ; and tlio 
wondorfui researclies of the plodding tnineralogist have dovol- 
o|ied iiioro boauty in the caverns of tho dark rock than over 
fiiiioy painted in her happiest monicnta. 

In all probability Iho action of tho sun's rays upon tho earth's 
liurfaeo, producing a conelantly varying diileronco of tenipcrnluro, 
and also tho teinpoFatui'o which has iKJon observed aa existing at 
great depths, give rise to therratKilcelrieal currents, whieh may 
alt-o play an iin[>ortat»t part in these resnlta, ivhieh nro Ihiiv 
briflfly desajrihed. 

In eonnoxbn with tlioso great natund operations, explaining 
them, and being also, to somo extent, explained by (hem, lyn 
have the very heautiful application of the eleetrotyjM;. 
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Appljiiig Ihe vie«3 wo havu nclofited (o (Iiis beiiufifHl ili^pov- 
ery,("''') the wliolo procops l>y wliiolt tliefo ractiillie (li!|io^its jivo 
jiroitu(!C(l will be jet more clcavly uinlerstooii. Uy tlic agency 
of Iho cketriG fluid, libeinted in (be Oalvanio battery, a tliishitb- 
Biico of tlic clecfrieity of tlie sfilntion of copper, Bilvpi', ur gold, 
J3 produeed, and ibc metal ia deposited ; l>iit, iiiatond of ullowiiig 
llio iieiii incombjnnlioti tocFc.i])e, itbaM presented to il soiiioof tbo 
Bamo inctaS ns that revived, and, coiiseqnoiitly, il cornbines witb 
it, and this conipuiul, being dissolved, nminfaina Ilio slrenglli of 
tbo solution, ('^') A system of revival is earried on at one pole, 
iiiul one of jihrasion, or iiioro corrcellj sjicaliiiig, of coin po!4t ion 
and sobition, or change of slato, at tbo other pciln. By tailing 
iidvontngo of this very eslraovditiary power of clectiicity, wo now 
form vessels for oriiaiiient or us-o, ivc gild ov tilvcr all kinds of 
utcmiis, and give the impcrisbabillty of metal to the most 
ilolicato jiroductions of nature — lier fniita, ber ilowors, mid lior 
iiifioets ; and over tbe finest liibours of tlio loom wo may thiww 
coatings of gold or BitvcF to add to llicir elegance and dumbilily. 
Kor need wo employ tbo Fomuwliat t-omplox airaiigenient of (be 
battery : wo may iako ibo steel magnet, and, by mechanically 
dialuibiiig tbo electricity it contains, we can produce a current 
thiougli eoppjr wiies, which niay bo utod, and is extensively 
employed, for gilding and silveiing.('"') 'i'ho cartli itsolf 
way bo inado the battery, and by connecting wires witb its 
mineral bodies, euncnfa of elci'tricity have been collected, and 
thoso currents used for ilio jtroduelion of elect rolyjw doi>osi(.("^) 

Tlio eleetroljpo, as it has been called, is Init one of flie appli- 
cations of electricity to tbo uses of man. I'liis agent has veconfly 
heen employed as the carrier of ibongbt; and with inSinifo 
rapidity messages of imporianee, eommutiications involving Hfo, 
and iiitoUigeiicos outstripping the B|K!cd of coward crime, have 
been eouiiuHnieatcd by its incaiiK, There will be no dlflieidly in 
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uiidd^laiKlmg llio pijiKi|,k ( t il,, ilrii,.,! ^h nnn> of (ho ni.o 
lui < liamt il iiriaiif,t.iucnta 1o niami, imuaDii, «i. of i miiailut 
iliboiato (hiruler Hit etUiio lUion iluj.tnJ on tin liii 
fion of T comjn ■, needle bj tUo psa^e oi tn sKtitu uniui! 
li JJiK lis Itngtli If at a givon potiit v,c |)1 « o i ! iK my li tl 
ftiy niiii ut twenty oi one ImnJied inik-,' <li,tinor Uum it tlicro 
H fixed a compnss needle, bttucon i wiit bioiif^ht fioin iind 
niotlioi ictuHiin" (o it the nci,dlo will icniuni tnu to its nuhr 
Inrttioiiso loii^ istlio wiri-sirofieolioiii lliocMited battori-j 
lilt llio niompnt eoimo'vioii is mi do, llio ikUiiutj of (lie \vholo 
(\tuitot «nc H dibtmbcl and the iii.Li;o h thmwti at right 
D^in to tli( diiiction of llio cuiiprit I'loudod a conn ox ion 
1 Iwc-cn two poinN cm bo -LOured bo«o;ci rcmolo tlioy am 
lijin cub otliu, \sc thu> ilmoit inshiit nicouslj , convoy any 
iiildb^enco Tk ollLofs of no okctric cuuont Mould appear 
ii 1 (bshiice of Ii7(i 000 miles lu a second of time , and to that 
ili>l..iice, and with that speed, is it possible, by Prafossoi- AVIieat- 
i^lone's boautiful arrangements, to convoy whispcva of lovo or 
iiies-^ngOB of destruction. 

'I'ho onebantcd borso of Uio Avaliau magician, the magic 
fiivpot of tho Gorman sorcerer, were poor eoiitrivaiices, compai-cil 
\vith tho copiior mms of (ho elect liuiaii. by which all tho diffi- 
tHillics of tiiiio and tho barriers of Hjiaee appear to bo ovorcomo. 
.1 n tho Knandinavinn mjtliology wo find corloin spiritual powers 
of evil po^swBsed of the powor of passing with inii»rccptibIo 
speed from ono remote point to another, sowing tho seeds of a 
eominon ruin amongst mankind. Saoh is iho morbid ereatioti of 
a wild yet highly-endowed imagination. Tito spirit of ovil dif- 
fii^-os itself in a roniarkablo manner, and, indeed, wo might 
almost assign to it tho power of ubiquity ; but in reality if« 
advance is progresaivo, and time enters as an olemont into any 
eislculation on its diffusion. May we not hope ttmt tho oleotrjoal 
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felegrapli, innking, na it must do, tlio wliolo of tlie cHiUKct! 
WwW outer into a eoBimunion of Hiou^tt, and, through thought, 
of fooling «tth each olhor, will bind us «|) in ono oomm(m brothei'- 
hood, and that, inBtoad'of misoadovstnnding nitd of tHisititwritrot- 
jng the desires and tho designs of Ciieh other, ivo shall loini lo 
know that suuh things as " iiulurid oiicmics " do not csist? To 
hope to lifoak down the grent biU'ricr of laiigiiago ia porliiips loo 
much [ but ns.surcdly wo may ho|)0 lliafc, as ivo loarn to Icnow 
oach other, na wo must do whon closer niid nioro iiitimafo reln- 
tioiiB nro sooiitod by tho aids of scieiieo, tlio harrier of prejudico 
mayl)Oifi/cd tothcgiouiKl, inid not ono sloito left to fitnnd upon 
aiiolher? 0«i conti-ntions oui inguiiiary wiri, conaiicralcd to 
hislorj by tho hi pi ism of blood hno m c\oiy or in nearly 
every, inslineo spiuog fioni tho foiio ot pioiudico or tho iiiis- 
takCB of politiuiMS \sho o miii'li ttno nan nvtd to tho limits of 
& convention forniod foi r i i ' li i' nl j^noriinee. 

And can anjthoi><, b(, im i iih the siurit of all 

that, wo revere na hoi) tl: ui 1 1 i . b inonfsi employed 

hy tho All Infiniti. in tlic \ ml oi pti_, i. d ueition shall ho 
made, e%cn in the h mds of man tho ministering siigDls to tho 
great nioial icdeniptioii of the world? A 'otiale tho distant 
nations of tho eaxth, and they ivill find fioine common grnand on 
which they may niiitc. Mortality conipels a depcndcnen; and 
there arc cliarillcs wiiich spring up atiko in tlio breast of tho 
aavago and tho eivtlized man, which will not bo controlled by tho 
eold usages of pride, but which, like all truths, though in a still 
small voice, speak more forcibly to the bonrt than crroi^ eaii, and 
Eorvo OS linka in tho great chain whieh must hind mankind in » 
common hititherliood. " None are al! evil," and the best have 
much to learn of the amentttra of life from him who yet lives in 
a " state of nature," or rather fiom hhn whoso Bonsnalilies have 
prevailed over \as iutelleetual powers, Wt who still pvc^vvcs 
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w,»y of llio ijnlloa insLinefif, io give them no Jiiglior fmni, 
which ottior raoos, proud of tlicir intelligoneo, Jiave thrown asWo. 
'I'imo and S|meo liave hitherto provenlod tho nccontplishment of 
this; oleclrieily and nteehaniea pvomiae to subdue Ijolli ; and wo 
liavo orary ronsoa to hopo (lioso jwsvoi-s arc destined to nccoleiate 
Ihu union of the vaat liunian family. 

]3Ieotricnl power Lns nleo boon employed foi' tho pnrposQ of 
measuring time, and by its means a great number of clocks can 
1)0 liopt in a stiito of uniform correelnoss, which no oilier utrango- 
mont can elfect. A battery being united with tho cbiof elook, 
idiith is itself euniieetcd by witos willi any number of eloelo 
iiminged at a (lislanco from each other, lias the current conliniially 
and regularly intorruplod by the healing of the poiKluIuni, which 
inlerruption is experienced by all tlie ctiwks included in the ulec- 
(rie circuit; and, in accordaneo with (his breaking and making 
coiifiiet. tlio indicators or hands niovo over the dial with a cou- 
Rtfltitly luiiform rato. Instead of a ballery, the earth itself has 
supplied tho Blreain of electric fluid, with wbicli tho rate of its 
r^vohitimis have been Tc,t;i',toic[l with tho utmost Iidelity-C"') 
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Magn I on Kno tfyhA n Afa Mag 
1 oIr 1 Ig nM(.nu1 — 
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Ai:iit£KAiii.Y witl) tlio view now gcncriiHy iMcivcd, tliitt tnaj-iiatiKra 
and olcctrieity arc but niodirtoalioiis of one foveo, sineo iliey hto 
found to stand to each other in tlio vektion of cause and olFeot, 
tlio sepBralion wideh is lioro ndopfed, of tlic coniudcratiim of 
tUdr several plicnomcnft, may appear inappropriate. 'I'lio inipoi'- 
tancc, however, of all (hai is eoiiiieeted with niagnotism, and 
tlio very decided diflbronco wliich is proBewtcd liy trtio iimgnptic 
action, and that of frictional or chemical oloelrieity, is so groat 
that it has been thought advantageous fo adopt (ho proiMMit 
nrrangoinont in reviewing the inflnencea of terrestrial magnetism 
with which seicneo has made wa acijuainted. 

From a very early period a pcouliav attractive force ha^ heon 
observed iii soino Bpecimena of iron ore. Masses of this kiud 
«ero found in Magnesia, and from that locality wo derive tho 
name given to iron in its jMjlar conilition. This is confirnmd by 
the following lines by Lucretius ; — 
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Quod suifficratagerq inciplain, c^no feodere fiai 
Halura lapis hie tit fciriiin diiccrc iiiissil, 
Riii-m magiiOfa veqant paUio do iioininc Citaii 
.Miign.nina. quia sit patriis in fiiiibiii otius. 

Ag^iin we fiml I'lhiy employing tho tenn mn;]ms, fo espresM 
t1iis .■;iii<>iiliir [toivev. It was kiiown to tlie imoiciiU Ihat tlio 
!niii'ii.;lio jiowor of ivoii, ami tlio oloctric propoirty of ainbcr, 
ivoiu not i)f llio same clmvactcr, but tlioj wore boMi alike rogrtixl* 
fill m iiiiraciilcHw. Tlio CirinoKc and AraliiniiB seem to linvu 
known iE at a period long liofcic tliat at wliieli ]'jiirO|)cniiB bccanio 
iiwiiiainfcil witli oithov tlio nntiiral loadstone oi- flio nitirieial mag- 
net. IVovlously to A.n. 121, tlio magnet is disliiicEly mciitioiied 
ill a Cliino-sc diolionavy ; and in a.d. 419, it is stated in aiiothor 
of tlioiv books (!iat sbips wore sleci-cd south by iLC") 

Tlio cavliesL jiopulariy received aeeoimt of its \iso in J'^iropo 
is, tliat Vafico dc Gamn employed a compass in 1427, wlicn tliat 
really adventurous iiarigatoi- fii-st explored tho Tndian seaa. It 
is iiighly probable, however, that the knowledge of its im[KJrfant 
u=o was deiived from some of tho Oriental iinliuns at a muoU 
lailicr peiiod. 

Wo have some emious descriptions of flio kaiiinrf stone or 
lo;idhtoni', in tlie weeks of an Icelandic historian, who wrote in 
101)8. Tlio niariiior's compass is described in a French poem of 
(he date of 1181; and from Torisous's History of Norway, it 
appi^ars to have been known to (ho northern nations certainly 
ill 1206. 

\V'e have not to deal with tho histoiy of magnotio fliwxivcry ; 
but so far as it tells of the ^Irnngo piopeillcs wlnoh loagnotii are 
found to posics-, and tbo applieation of thia knowledge to tlio 
oluuidation of oflcefe ocotirrieg in nature. 

A brown f tone, in no respect presonting any thing by which it 
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shal! Ijc liistingulsbcil fiom other iiiflo ^toiiys aioHiid if, in fouml, 
y^WH cJcKio cxBiiiinnlioii, to pissciss t!\o power of lirnwiiig llglit 
patlieles of iroti tosynrds it. If this stono Im pkyeil upon a tabic, 
aud iron fiUn^ aie tbrowii liglitly iirouiiil it, vfo disfover that 
these iliings nrraitge tUoniselvca in sjiiiiiietiic ctirvcB, proceeding 
from some ono point of the mass to soino ollior ; ond upon exam- 
ining into this, we ahiW find that tlio iron wliieli lius onco clung 
to the ono point, will bo rcjecloc! by llie otlier. If tins sfOTiO IB 
froolj suspended, we shal! Icain also that it always coincs to rest 
ill a eoiliiin position, — this position being d etc rii lined by thefic 
points, and soino attraelivo force residing in (he eaifh itself. 
'Ilicso points 110 cell its poles ; and it is now CKtablishcd tiiat ibiB 
rude stone is but a weal; i-c p resent at ivc of our planet. Both ai'o 
magnetic : both are so in virtue of the eireulation <)f euixonla of 
cleclrieity, or of lines of niagnotio force, as seen in tlio onr\'03 
foruicd by (iie iron dusi, and tin! norlli (lolo of tho otio atfvaels 
the Bouth polo of tho other, and the contrary. Ey a confusion of 
terras, wc speak of tho north polo of a eoni pass-need lo, meaning 
that point which is always opposilo to the north pole of tlic earth : 
the truth being that the jtolo of the fom[>ass-necdic, which is so 
forcibly drawn to tlie north, is a jwiut in a contr.iry stitlo, or, as 
Via may exprcM it, reatiy a south jiolo. 

'I'hore is a power of a ijecnliarlcind.diftoiing from gravilitlion, 
or any otlier atti-aeling or aggregating force with whieli wo avo 
nc^anintcd, wbicb exists permanently in the magnetic iron BlonoH, 
and «lao in tho earth. What is this power ? 

Blagiietlsui may bo produceil in any bar of steel, either by 
rutibing it with a loadrfono, or by placing it in a eertain position 
in relation to the nmgnetie cnrrents of the cartli, and, by « blow 
or any other means, disturbing its molecular arrangenient. This 
principle appears to involve tho iron as witlt an atiuosphere, and 
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Sc ill lorpeiii;! rati! i!. ]Jy oiio inagnol WO raay induco mpffnotism 
ill »5iy iiumbor of ii-on bars wtlltoat its losing any of its original 
fDieo. As wo liftyo oWrved of tho eloclfieiil forces already con- 
^iileveil, tliG iiiagriot consianSly jsroscnis two poinfs in which thero 
is a (liffcroiico iiiaiiifestett by tho eircHinstanec tlint they nvo 
always (Irnivii with cotisidcvalilo power towards tlio north or fouth 
poles of tlio earth. That this jxiwor is of llio sniiio chafitctcr as 
llio oloolrioity which wo liavo beo» considering, is now most 
RLitisfactorily proved. By involving a bar of soft iron wbioh, 
Ijcinj; without any niagnotic power, is incapable of sustaining 
oven an ounoo weight, with a coil of copper wive, tliroujjh wliicb 
!t galvanic curi'ont is passing, tho bar will receive, by induction 
from (ho cuvrcnt, an onoriiious aeeossion of power, and will, ho 
long as tlic CHvrcnt flows around it, sustain many hundred pounds 
Meight, wliicb, tlio moment tbe cuireiit is checked, fall away 
from it in obedionco to tho law of gravity. Thus tho mere flow 
of Ihia invisible agent around a mass of metal posaoa^ng no 
niagnoto-nttraclivo power, at once impavts Itiis lilb-iiko inltucnco 
to it, and as long as the current is maintained, tbe iron is endow- 
ed with this surprising energy. 

I'bis discovery, whicb wo owo to tho genius of Oersted, and 
lyliiob iias, indcc<l, given rise to a new soionce, oloctto-magnetisin, 
may bo regarded as one of tbo most important additions made 
to our knowledge. 

Current olectrieity is magnctie ; iron is not necessary to tha 
produelioii of magnotio phonotnona, although by its presenoo wo 
Sioeure a greater amount of power. Tbo copper wires wbioh com- 
plete tbe eirenit of a galvanic battery will attract asid bold up 
lavgo qaantifics of iron filings, and the wires of tbo oleeirio tele- 
graph will do the same, while any signal is being passed along 
llio lino. ■ Again, all tho ](bQnomena common to galvanic eleo- 
Ivicity can be prodacod by merely disturbing tho power perma- 
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noiitJy sccuveil m {iio ordiimvy magnet. It wjs tliouglit tliut 
niHgiiols woiiia become wcolieiicd by this constant disturbance of 
their niagiiotisni ; feai, siiiee Its npplioatiopi to the iHii'iiosos of 
mnnufacturo, and mft^iolo-clecliieity liaa boon cmjilojcil in 
cketvo-platiiig, it has boon found that eonlinued action foi- more 
tliaii n year, during which enormous qiiantitios of oleclrieity havo 
been tlius given out and oniployod in producing olioiniual ilcconi- 
position, has not, in fho sliglitest degree, altered tlioir powers. 
Thus a mnM bar of metal is fihowii to lie capable of pouring 
out, for any luniiber of years, the principle upon which the plic- 
iioiiionn of mngnelisiii depends. 

Tboro uro, however, dilibrcnccs, and striking one-s, between 
ordinary and iiiagiiolic electvlcily. In the nvigocf, we havo a 
power at rest, and in the electrical machine or galvanio battery, 
a power in motion. Ordinary electricity h stopped in its passage 
l)y n plate of glaps, of resin, and many other substaneos ; but 
magnetism passes these with freedom, and influences iiiagnotie 
ladies placed on the other side. Tt would appear, though wo 
cannot ox|)lain how, that magnetism is due to some littoral iiiflu- 
ciico of the oleotrio etirrenls. A magnetic bar is placed over a 
eo[ipor wiro, and it hangs steadily in the direction of its length; 
an electrio current is passed along it, and tho magnet is at onoo 
diivcn to placo itself across the wiro. U|jon this oxporinient, in 
the main. Ampere founds hia theory of teiTOstrial magnetism. 
Ho SHpj)osos cleetrical currents to bo traversing our globe front 
oast to west, and thus, that the needle takes its direction, not 
from tho terFestfial aelion of any fixed magnetic polos, but ttom 
the roimlsion of iheafi cHrrenls, as is tho case with tho wiro. 

Tt haa been found Oiat wires, freely suspended, along wincli 
currents iroro psging in opposite directions, revolve about each 
other, or havo an inclination to place ttiomsielveB at right angles, 
thus exhibiting tho sauio phenomenon ss the magnet and tho 
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oumltmd.ijr wiro. So fai', fho liypolbcsis of Ampere loads us 
most siilisfautoiily. "\Vo see in tJio tnagnet one form of oIeetri(Ht^, 
unci in tho limchhio or batfory flTiottier. Kut why kIiouM not (bo 
i!li;«tricily of the magont, elcefrioity iit rest, exhibit the BStite 
powers as this foi-co in wiotioii ? 

Oersted, whoso (lieory Jod !iim lo discovery of the fiict of 
I'leclro-iringiiolie action, i-cgards tho phenomcim of n cmieiit 
p,i^sing a wire, and its action on a needle, as ovidenec of two 
llnid,i, positive and negativo, Iraversing in oppsito dircclioiiH, 
and iiiutunlly attracting and repelling, so that, indeed, thoy pass 
tho wiroa in a KOries of spirals ; that in tho magnet, hy KOinc 
prciiliar property of tlio iron, this conflict of the currents is 
rudni'ed lo an cquirLbrinm, and its power heeoinos manifested in 
IN nlliMolive f..rcc.("") tt is a curious fact that iron hccomos 
inii;;nvliii ill a superior degree to nny other nicfal ; that steol 

V^''' '"-iifly lotni'is any magnetism imparted to it; hnt lliat 

Mirt iron rapidly loses its niagnelio power. This must bo in 
virtue of Bonio peculiar arrangement of the molecules, or somo 
unknown physical condition of tho atoms of tho mass, by which 

untmui 1 inll wnco is iLtimcd by tho 't el {nohably in ii slalo 
I Lon<!Eant niteinil cncuhliou It Ins IoHc\or been shown 
ll t «oft lion under ccrtun cnenm'.tin<p mij Ic made to 

I ( iui a largo mount of innfjnetti, foito (' ) 

it I bor^o shoo shaped Ur ol soft iron is iindcud ungnitK. 

II Ihociiouldion of an clcclni, current aiound it while ils tno 
L nharo united by amrmaliuo of Mft iion also "o that whila 
l!io current ii jKi-iSing it is ei|nblo of iiyioiim^ mnnj bnndicl 
piniisds weight; it will bo found that r eonsidoralilc weight may 
bii supported when tho current is stopped, provid«l the armature 
is catefnlly kept in contact, and it will relairt this power for 
many yeara; but Foinoye llio connecting piece of iron antl th« 
iKir immedbtdy loses all its uia^eJism, and will not Kup)ioii 
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ovaii tlio arniahiro ifsolf, 'I'liis fact apjx^ara to conflriti llie Uhvi 
that magnciism Is duo to tlio rBtcntion of electricity, aiiil that 
stcol possisses lite jiroperfy of C{|tialiKing the opiHiBiiig forces, or 
of binding this priiiciple to itself like an alnio^ijlioic. 

Iho fiuenco of heat on iHagticlisoi is so Tcntarkablo n proof 
ot tt lepo (icnco of this power upon mokoHliir artungeineut, 
tl t t ( ot oseapo our iiolico. 'I.'o Bclcct but oiio of inimy 
|e ( ly Mr. BarloM', it wiis found lliat in n bar of 

aile tlo o in which tlio ntagnolic clfi'ct wlien cold was 
-|- 30° 0', all polarity ceased at a wliilo heat, that it was pcaveoly 
appreciable at n red heat, but ttint at n klood-rccl heat it wan 
0(iuaUo-f4rO'.("'') 

'Jlic more closely wo oxainino tlio pcculiiiiilies of tlic inagiiotio 
power, aiul particularly as thoy arc pvcsenled to us in il» ter- 
TCRlrial action, tlio inoro surprising will its inlliicucoH ajipcar 
to bo. Wo liavo di&eovorcd n uulurat c-auso wliicli cortaitilj 
exorcises a very remarkable power over matter, nud wo liavo 
advanced so far in oar invefitigations as to liavo learnt the secret 
of converting oiio form of foteo into anotlier, or of giving to a 
principle, produced by one agency, a now character unJer now 
conditions; of ebanging, in fact, electricity info ntagnotii-ni, and 
from uiagnotisni again evolving many of the cllects of elctlrical 
currents. 

Tf a magnetic bar is freely Euspeiidod above tlio earth, it 
tikes, in virtue of Koine terrestrial power, a given direction, 
which is an indication of the earth's magnetic foico. Whether 
this is tlio eonsciiuenco of the currents of electricity, whioh 
Amporo supposes to circulate around tho glol«, from (■a'^t to 
west, or the result of points of attraction in flic earth if-plf, the 
jibeuomoiion is equally wotuieiful. To whatever cauFO wo may 
refer the visible oiibetM, it B]tpear^ certain that this earth is 
oomp(««d of partiule.s in a miij-iictie sEiiio, tho charaelcr vatying 
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with pliysicol eoiiditioiis, nni tlmt tevres(i-ial jiingiiefie force is 
(Iio coIliiGtivo iieUoii of nil tlio ntonia of this plnnetury mieirs.(^'^) 
Tlio constancy with which a litagncttaid needlo points to a 
eei'tam spot, ronder»it ouo of tho stoat imiwrtimt insli'iimenta to 
the prnclical and the soienlifie man. Tho wnndercr of tho ocoaii 
or of tho ilescvt h enabled, willioiit fear of error, to pursue his 
path, and in unknown regions to detoriiiino llie (ininuilh of 
olijeeta. Tlio miner or the surveyor firuls iti tlio niiignctio 
coii>pass Iho surest guide in his hiljours, and llic experimentalist 
is for over studying its indications 

" True oa tho nccillc to tlic jioIp," 

In. Iit-'mI idlij a pimerb amung mankind, but the ^''aiehiiig 
innuiiy of modem nh^eivers lias shown (hat tho e-^prcsMoii is 
eoiiect only with ceitain Hunlafioni. 'i'heie are b«l two Hues 
on tho l^ulfaco of tho caith on which tho needlo poinfr> lino north, 
ornhciotho inagnclic and iho gcoginphieal north eon cpoiid. 
'I'hese aro called linos of no vunation, or, as they havo also 
been dc.'^igiiatcd, n^o^i'i' ^!»?s, and one is found in tho ca^^loin 
and tho other in llto western hemisphcio. Tho Ameriean lino is 
hiugularly icgular, patsing in a soutli-cast dtrcotion fioni Intifuilo 
fiO" (o the ivest of Hudson's }Jay, acro.-^ (ho American lakes, till 
it reachos tho f^onth Adantio oecnn, and eu(s tho meridian of 
(jreenvfiob in about 65^ south latitude. The Asiatic lino of no 
variaUoH is very irregular, owing, without doubt, to load itiler- 
fereuooa ; it begins below Now Holland, in latittido CO' south, it 
bends wtstwani aoross tho Indian ocean, and from Bombay liaa 
an inflection eastward through Cliina, and then northward aoiDSS 
tho sea of Japn, till it reaehes tiio latitude of 71* north, when 
it doEOonds again southward, with an iinniontio semieiroular bend, 
whioh termiiintes in tho White Sen. 

Hanateen h«i thought that there arc two pyinls in eiicli hiimi- 
IG 
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S|ilifiii> wiiieli may ha rcgavdod i\k sEEoiigcr smd wenkcr [mjIos on 
ojjjH)^Uo siilcs of the i>ole3 of revolution. Thoso aro called llio 
iimgiielio [>d1os of tl«s earth, or by Kiinstcon magnetic pouils of 
convergence. 'Xliose fotie ]»mis are coMsidero^ (o Itavo !i vcgiikv 
motion round tbe globe, the two isorthom ones from wost to ciimI, 
niwl tlio two southern ones fi-oni cast to west. ]Jy tlio iissistaiico 
of recorded observations, Ilansteoii hna calculated llio imriods of 
llic^o rovolulions to be as follows : — 

'ilie weakest nottii pi>lc in HOO yenrs. 
Tlie strongest noilh pole hi 1718 yravs. 
'i'he wciikesl soiilli (jole ill YM years. 
Tlic strongest south polo in ■1{I0!I years, 

Tlicro are iroine poitila of spcculnlioii on wbii'li llaiiiitccn lias 
veiiliived wbicli Iinvo been smiled at oa fanciful ; but they may 
rutlicr iiulieate an amount of Itnowledgo in the Braliniiiiical and 
Kgj'pliaii pvicslhooil, boyoiul ivbat wo aro usually dis|>osc(l to 
allow lliein, and prove that tbeir observations of natua' bad led 
to on appreciation of some of tlio most romarknlilc liarinonios of 
Ihis niystevious creation. 

The abo\o terns aio exceedingly near 864, .t24C, l'?28, 
1820 and iUoso inmil sia aro ci^ual to tlio mystic number of tlio 
Inliuf (netki and 1 gyplians, 4U2 inuHipHcd by 2, 3, 4, and 
10 On (! cso tlio ancients believed a certain combination of 
mt ual oicnts to dc] end and. according to Brahminical mythol- 
ogy, tho duration of ilio world is divided into four periodw, eacli 
of 432,000 years. Again, the sun's mean distance from Urn 
eartli is 216 radii of the sun, and ilio moon's mean distance 2l(i 
radii of tho moon, each the half of 432. Proceeding with ibis 
very curious esaminalion, Hansteen siys, 60 miiUiplicd by i'A% 
equals 25,U20, the smallest number divisible at once by all the 
four porioda of niagnotic revolution, and henoo (ho slinrtcst Hmo 
in which the four [m>Ii^ ean eompleie ii eyolc, and leturn to their 
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proseiit xlato, awl whieh ' ' les ex [Ij with the period in 

wkidtlhepmeesuonof e q o es l( amount to a com2)kte 
cirde, reckoning ilio { roo s. o at a legrco ih Boveuty-lwo 

When wo consklor tto [U o o a of terrestrial ntagnotism 
carofully, it appears to ii 1 o fo f! o ne o of a power oxtornal to 
llio eartli itself, and, aa Ha a eo co coves, liaving lis origin 
from tiie action of llic su 1 cat g II nating, antl prodiieing 
n niagnctio tension, in tho s o a nor s it pvoilucos electrical 
excitation ami nclino-clwi c 1 act o 

Tlio movomonts of tlioso og et poles liavo been tlio Bubjeot 
of oxtonsive and most aec ato ol c vat on in every quarter of 
tliD f;!ol,o. In London, 1 g 1057 lb62, tliero was no inag- 
nolio variation ; the agon o ] o j as. g tl ougU it. Tlio variation 
steadily increased, until, in 1815, it mnonntod to 21° 15' 17", 
since wliicli time it has boon slowly diminishing. Tn addition to 
tliis great variation, wo have a regular atiiiual change dopandcnt 
on the position of llie sun, in roferonoo to the equinoctial and 
solstitial ix>ints, which has been discovered by Oassint, and in- 
vestigated Ijy Arago and others. Also a diuvnal variation, which 
movement appears to connnenee early in tlio morning, moving 
eastward until liaif-past seven, a. si., when it begins to inovo 
westward until two, p. si., when it again rofurii.s to the oast, aiid 
in tlio course of tho night reaches the point from wliicli it started 
twenty-four houra boforo, 

^Ve have also rcmarltablo variations in what is toriflo<l tho dip 
of the ncodle. It is well known that a jiiece of unniagnotiKcd 
slceS, if carofully suspended by its centro, will swing in a perfectly 
horiiWnlal |»o*itioH, but, if wo niognetiKe this !>ar, it will im- 
raeilintcly l>o drawn downwards at one end. Tho force of tho 
earth's polarity, attracting tho disiioiilar polo, lias caused if to 
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I'lieiii is, ill (lie lieigliboiirlioml of Uie eiirtli's eqiiiifor, imA 
cutting il lit four poiiita, an irrogular curve, onllei! llie miignctio 
equator, or acHnic Jino, wbere tho needle balances itself lieriiMii- 
tally. An wo proceed from this lino townrds eitlicr polo tlie dip 
increases, until, nt the north nnd KOutli poles, tlie nccdio tiikua a 
vorlioal position. 'I'lie intensili/ of tho enrtb'B iiingnoli»m isiilao 
found to vaiy wilh tlio i>osition, ond to iiieteaHo in a propovliou 
which corresponda very closely willi llio dip. Uut tho intensiti/ 
in not u function of tlio dip, and tlio lines of ecjual intcnuity 
isoilffii'imie lines, aro not parallel to those of oriiial dip. 
Wo liavo already i-oiuarked on tlio diurnal varidtion of tho 
declination of the needle ; we know, also, that there exists a 
regular monthly and daily change in tho magnetic intensity. 
The greatest monthly eliange appears wlien flio earth is in ita 
poriholion and aphelion, in tho months of )>ccen\hor and June, — ■ 
a maximum tlten ocours ; and about flio lime of tho oijuinoxes, 
when our planet is at tho greatest moan distance from tho aun, a 
minimum is detected, ("') 

Tlio daily variation of intensity ia greatest in the Kummor, and 
least ill the winter. Tlio magnetism is generally found to ha at 
a minimum whon tho sun is near tho meridian ; its iatensity 
increasing until ahout six o'cloeic, whon it again diminishes. ("") 

What tAriking evidonoo all Ihoso woll-asoortainod facta give of 
tho dopondenca of tcrrcslrial magnetism on solar Influoneo ; and 
in further conUrmation of this view, wQ find a very roiiiarkablo 
coincidenco l^tween tho lines of equal temperature — tlio laothor- 
mal liiuw, and tlwse of ecjual dip and magiiotio iiitouwity. 

Sir David Browstor fintt pointed out that thoro were, in tho 
novthocu liombpliero, two polos of maximum cold ; tliese poica 
agree with tiio magnetle }>oint3 of eonvergeneo ; and tho lino of 
maximum heat, which docs not run parallel to tho earth's cqitatop, 
is nearly coincident with that of magnefio power. Since yecbeek 
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iias shoffii UH thiit electrical nnil inagnefo-cleetilcal jihenomena 
cmi Ijo jjrfiduced by the acf ion of Iicat u[)on inelalHo bats, wo liavo, 
lierliaps, approached toiraKls Eoine faint ajiprccialion of the mniiucr 
ill wliiob tlio solar ealorife raliiiions may, auling on tlto surface 
of our j)knct, | oluco oleetricil and iiiagnctio eficetK. If wo 
SLipjJOKo llml ttio a j o 1 c ■< a disturbance of tlio earth's elec- 
fiicity iilong aiy t, 1 nil directions at right angles lo 

that lino, we si ill 1 vo n agnotio polarity iu(liicod,('") 'J'liat 
such a dislurbance is regularly produced ovcry lime tlio sun risos 
)ias boon suftioioiitly proved by many obsei-vcrs. 

Tn 1T50, Wnrgentin noticed that a very roinarkablc display of 
Aiiiora Imrealis was the causo of a peculiar disturbanco of the 
lougLiolio needle ; and Dr. I)altoii("*) was tho first to ehow (hat 
tlio liiiiiinou3 rays of the Aurora aro always parallel to the di]>- 
piiig-iieodlo, and that tlio Anrorat arches cross tho niagnctio 
meridian at right angles. Hanstcoti and Arago have alloitdcd 
with particular core lo tlieso influences of the Korflicrii Lights, 
and the rcsulb; of their obsorvaf sons are : — 

'I'hat as tho crown of tho Aurora quits the usual place, tho 
dipping-MCodlo moves Bovoral degrees forward ; 

That tho part of tlio sky where all tho beams of tho Aurora 
unite, is that to ivhieh a inagnetio neodlo directs itself, ivlien 
suspended by its eoniro of gravity : 

'X'liat llio conconirle circles, which bIiow themselves previously 
to the luminous beams, rest upon two poinfa of ltiohoM/j)ii equally 
disfiint from the inagnetio meridian j and that tlio most olcvatod 
points of each arch aro exactly in this meridian. ('^) 

It does not apjiMr that every Aurora disturbs the magneUc 
nc«dlo ; as Captains Foster and Hack both describe very splen- 
did displaj^of tlio phcDoinona, which did not appear to produce 
any tremor or clovlatlon iipon their instiumenis.('*^ 

^onio sudden and violent movomenfs have been from time to 
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tiiiw observed to iako ]}kco in suapentloil magiicfs ; «iiil f;inco 
tlie cstnlilishment of magnclio obseivatofiua m almost every pnrt 
of the globe, a vety reinfirkaUo eoinddeneo m tho time of" those 
Bgitalions baa been detected. They are frequBiitly eojtMeetod 
with tho appearanco of Aurora lioccalia : but tliis m ftot con- 
l nlly tl ih 1 1 n I ) eall d mag t 
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but llio cjmao to irliieli this may bo duo is still li> ho soiiglit for. 
Til tho briof mid hasly sketch ^¥llicll has been given of tho pim- 
noincTia of torrcAtrin! ningiiclisiii, enough hnti beoii slutud to show 
tho vast iinporioncQ of lliia very reniavkablo jwwor in tlio great 
ojioviitionH of nature. Wo arc gradually reducing tho imiiionso 
mass of recorded obseiTatioiis, and awiving at corfain laws whieh 
are found lo prevail. Still, tho origin of the force, wliethor it is 
airielly electrical, whether it ia tho circtilalion of inagiiotio finid, 
or wliethor it is niorcly a peculiar excitation of sonto property of 
matter, are questions which arc open for iiivcaCigation. 

In the beautiful Aurora ImroalU, with ita ironibling difPu- 
Bivo liglit.s, and its many-colon rod rays, wo have what may be 
regarded as a natural cxhihition of inagnotiani, and wo appear 
to have witliin our grasp the explanation wo desire. But wo 
know not tha Beerot of oven these extraordinary meteorological 
displays. If wo \mss an clecirtc spark from a niacUne through a 
loiig eyrmtler, cshaiigtod of air aa far as pogsiWo, wo have a Miiniic 
representation of tho Northern Lights— tho same attenualiou 
of brigHtK<«3, almost dwindling into phosphore6»ineo ; iind by 
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llio Kliglilcsl cli,iiigo of toitiiiorattive, wo may proihicft tliat play of 
colours, nliicli K BOiiiotinies so remark ably maiiifested in Aurora. 
])r. Bnlton eonsiderefl Autom Iwroalis us a magnetic phenome- 
non, and iliat ils beams are governed by l/te earth's inagnetwm, 
\Vo know that (lio are of fight prodiieccl bftlwoon llio polea of ii 
liowerful giilvnnic battery is readily deflcoteil l)y a good iimgnot ; 
mill ive linvo lately learned that every vapour obojs tlio magnetic 
t'orfiO ('*') It U, thoreforo, yet it (juestion for our consideration, 
(lues tlio earth's inngnctism produeo tho peculiar phcnoiuena of 
Aurora liy acting ujion eleofrioity in a sinlo of glow ? or liavo wo 
ovidoiico ill tliia (lisjiiay of tho e' c lafon of tho niagnctio fluid 
around onr glohc, manifest ^ t-elfly !■! action on the ferrugin- 
ous and oilier mefallie n tto nl cl 1 Pnieri has proved to exist 
ill the iiinioi- region? of o r atn o pi n, ?( "') 

Tlie altcialion m (ho [ 0| e t oa of heal, ulien it passes ftom 
the ladiimt state into o b on w fl wiatfor, exhibits to vn 
.■ioniothing like what wo may suppose oecurs in tbe eonversion of 
magnetism into cleetiicity or the confraiy. We have a suhliio 
iigent, which evidently is foicvcr busy in producing the nocesKiry 
<.()ndi(ioim of change in this our oaith : an element EowMohia 
duo tho ^volopmoni of many of tho most acUro powers of na- 
ture ; pcrfbimiug its part by blending with thoso principles whioli 
\,ii liavo already examined ; a^t^iiating itself witb ovory form of 
m.ittor ; and giving, aa wo shall presently soo, in all probability, 
tho firet impulses to combination, and regulating the forms of 
aggregating articles. 

As elcctriraty liaa tho power of altering the physical conditions 
of the more adherent static of matter, thus giving riso to varia- 
lious of form and modes of combination, ko gross matter appears 
to alter Iho clmraotor of this agoncy, atid thus dispose it to tho 
Bovcrol modifiealiona under which wo have already detected if« 
presence. Wo bavo meebanical elootriclly Mid obotnical oleo- 
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trioity, each porfoiming its gioat «oik in iinluro; yet liotii 
inanifchttng conditions bo diK.iiiiiki, that fc<lio«s roM'Sieli wan 
jieoe'*ary boforo tliey could bo doolared iJciaical. JMagiiutic 
cleotrioity it & tliird foiin , b1! its clioviwitorislies aro iinlilto llio 
othere, Slid tlio ofiico it appoais to pctforiu in the laluratoiy of 
croiilioii, JH of ft ilifTorcnt order fiom lliat of (ho oilier hialcs of 
olcatvical forco, lu tlip fnsf two we liavc (tcwimposiiig and 
rcooiiibining powers constantly niatiifestud, in fact, theiv inilu- 
onces are alivays of a ohoinical olintnetcr; but in tlio tas,t it 
nppcavH we have only a diieetivo power. It was tbonght lliat 
cvidciioo bad boon delected of a cheniieal iiiflucnco in inagHot- 
ism ; it did appear lliat soinetimos a rctafding forco was excited, 
and oftoii on accelerating one. Tliis lias Iwon asaiii denied, and 
we liavc arrayed in opposition to each other fwaiio of lliQ first 
names among Kuropoan cxperimenlalists. Il'lie (iiieslion is not 
yet to 1)0 regarded as settled ; but, from long and tedious invoa- 
Ugation, during whiob ovory old experiment lias been repeated, 
and HunieroHs now ones tried, wo incline lo tlio concluBion that 
cboinieal action is not directly affected by magnetic [lowor. It 
is highly probablo that magnetism inay, by altering the structural 
arrangcinent of tlio surface, vary the rate of clicmicHi action, but 
this requires conlirnialion. ("^) 

Tliero is no substance to bo found in nature existing indepen- 
dently of magnetio power. IJiit it inflnoneea bodies in differont 
ways : one set acting with rclatioii lo magnetism, like iron, and 
nwanging thoHisolves along tlio line of magnetic fomi. — tliow 
are called inagnotie bodies ; another set, of which blsmutb may 
i>e taken a? the rcpresBntalivo, always placing tltemselvcK at viglit 
iinglos to this line, ~ these aro called dia-raagiiette liodios.C*') 
'Jl'hfe is strikingly shown by moans of pwetftil electro-magnets, 
but the magnetism of the earth is sufficient, under proper care, 
to exhibit the pbonomeiia. 
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Every subslaneo in natttre is in one oc other of those &)n- 
(iitioiis. Tiio WMilts, forming the erusf. of tlio cattb, and tlio 
minorals which avo discovei'cd in them ; Iho sm-facB Boil, wliicU 
is by nature prepared as tlio fitting habitation of the vegotai)Io 
world, and ovory Irco, shvub, and horl> which ftnda root therein, 
with their COTboriacooiis matter, in all its slatoa of wood, leaf, 
(lower, ajid fruit; the animal kingdom, from tho lowest monad 
through the ontiro series up to man, — have, all of them, distinct 
ni ague tie or din-magnetic relations. 

" Tt is a curious sight," says Dr. Pnvaday, " to see a pieoo of 
wood or of beef, or an apple, or a bottle of water rujioUcd by a 
magnet, or, taking tho leaf of a tree, and hanging it up between 
llio ])oles, to ob.'iervo it take an equatorial position. Whether 
any similar offoels occur in nature among the myriads of forms 
which, upon all parts of its surfaee, arc surroundwl by air, and 
aie siibjcot to tho action of lines of luagnctic force, is a question 
which can only bo answered by fatui« observation. ('*") 

At ptesont. tho bodies which arc known to exhibit decided 
fovro-niagnoiie properties, are tho foliowiTig, which stand arranged 
iti llie order of their intensity ; — 

Iron, Nickel, Cobalt, SiBiigatiCEP, 
Chtoiiiiiini, Cotium, Tifanium, 
Palladiiiin, Pistiiium, Osiiiitiiii. 

Tt is inierosting to know (hat there are ovidenecs tliat two 
bodies which, when separate, aro not niagnolio, as iron is, become 
no when combined. Copper and zinc are both of tho dla-magnetie 
class, but many kinds of brass aro discovered to be magnetic. 

Tlie salts of tho above metals are, to a greater or less extent, 
fevro-magnetie, hat tlioy may bo rondorod neutral by watei', 
which is a dia-magnctio body, being repelled by tho magnet. It 
will be unnecessary, here, to enumerate the class of bodies whicli 
are dia-magnetio j indeed, all not ineltidcd iit the prcoesling list 
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siiay liB coiisidei'cd as bolonging to Eliat olas.', ivitli tlift oxcopfion 
of ga--ius mid va]ioiii«, wliioli njipour io cxtsf, rektivclv to tmch 
oilier, sometimes in tim oiio, nnd ROincthiios in titc utliur voa- 
ditioii.('*) 

To endeavour to leduoo our knowledge of tlieso fiicts to some 
priiotioal expinnalioii, wo must bear in mind tlmt particular spaces 
around the north and BOiitli geogrnpliical poles of tUo eiirth aro 
regarded an circles to wliicli all tlio niagnctie Hnus of foreo 
converge. Under circuinstjinees wliicli hIiouUI prevent any 
intorferonco witli what is called forro-niagnotic action, all bodies 
coining under that class would arrange thoniselvos, according to 
the hws wliioii would regulate the disposition of an intiuito nnin- 
lier of magnets, free to move within the sphcro of eaelk ollior's 
influence. The north and soutli polo of otio magnetic body would 
attach itself to the soutli and north polo of imollior, imlil we had 
a lino of ijiagnola of any extent ; the two ends being in opposifo 
states, like tho fnagnoiic points of convergence of the earth. 

Every body, not forro-rangnotio, places itself across audi n lino 
of magnetic force as wo have conceived ; and if the CBfUi was 
niado up of separate layers of fcrro-magnetic and dia-inagnctia 
bodies, the result would bo the formation of bands at light angles 
U> each othor. I'bis is not. tho cnso, by reason of the interming- 
ling of tlio two classes of substances. Out of the known chomiL'al 
olomonls we find only about ten which aro actively forro-inagnotie ; 
the others combining with these gtvo rise to either n weaker 
Btate, n neutral condition, or tho balance of action k turned to 
the dia-magniAio ado. Sulphate of iron, for insfanco, h a Jiiag- 
netio SMilt; bul In solution, water being dia-raagnetie, it loais its 
property. Tbo yellow pruEftatQ of potash is a dia-magnctie body ; 
but tho «5d prussiato, whioh contains an atom lei's of potawiwni, 
is inagnelic.("^) 

These two conditions of iiiiifter stand, theruforo, in opposilioii ; 
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am! IIS every [(avt'iclo of any siibalaiieo ftmnd in fliis eaitli iii 
1,'iiiluod witli tlio property of disposhig itself iieeoriliiig to oiic or 
till! other of tlicse |M>wers, wo appaar to bo npproaclting to a 
l;i!owIeilgo of Ihe causes of nioieeutas- titratigotitenta. 

"^Vo still sofirch in the tlnvk, nod see Ijut (iiiiily [lie evidences ; 
Kt i( btCOmoB almost a eortimty to hi Hiat tins Mono of granite, 
Willi lis cm 1011^ arrangement of felspar iniei, md (|uarl/ prc- 
Mts it^ pceulnr eondidon in viitne of wnio ^(uti law ns tlint of 
1 I nngnclisiii 'llio crjitlal too of quails uliich ^lo bietk out 
fl tlio inn'-s and icliidi prcseiita to xii a beautifully legular 
i lire, IS beyond a doubt, (-0 formed bccau o the atoms of Mlica 
le tacli one unpolled in obedience to one of tin. c two fcms of 
II ^netiim to set thtinvehcs ma cert mi oider to ewh other, 
\ I uh cannot be altcfod by human foice Kilhout ilostruttion 

All llto h\n which ros;nh(o tho forms of (ij'iala and anior- 
] h IIS bodiLa no to tho gientt^t digfeo. siinpio In ii itiirt, tho 
011(1 h ever attained by tho caBiost means ; and the comptoxity of 
operation, vfliich appears sometimes to tho observer, is only m 
heeaiiKc lie cannot eco tho spring by wliieli tho niaoltino in moved, 
Tho gasQOHS cBvelupc, onr atmosphere, is in a nontral state. 
Oxygon IS Rtrikingiy magnefic in relation to hyilrojpjn gas, whilst 
nitrogen ia as singalarly (ho contrary ; and tlie same contrasts 
prcitent themselves when these gases are examined in their rela- 
tion to common air. 'J-'btis, oxygen being niagnctio, and uitrogcii 
(he contrary, wo bavo an eqwilibrinni establishnd, and tho result 
is a compound, notitrai in its relations to all matter. All gasoa 
and vBjKniira aro found to bo dia-tna^oUe, but in diflercnt do- 
grucs-C^) This is shown by passing n stream of tho gas, ren- 
dered vii^ibli! by a little smoke, within tho inflitcnco of a powerful 
magnet. These bodies are, however, found rchilively to caeh 
otlicr,- — or oven to llicmsclvcs, under diH'ercni thcrniie condi- 
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tioiis, — lo cimiigo thciv ststos, ami \ysv>i fiom tho m.igmtiic (o Hiis 
iliii-iinagnefio elass- 

Iloat liaa, however, s very remarkabk iHfiueiicc in alteclng 
tUoso relations ; and atiiKSpherio nii- at one tentpcvafuri! is inag- 
nolio lo tlie sanio fluid at anothar ; tlius, by llierntio variufioitH, 
attrnotioii or repulsion Ls altorjiatoly niaiutaiiicd, By tliia it mmi 
bo \in(I(!rstoo(l tliat it atroam of air, at a toinpcvatuvo elcvntod but 
a fcw iloj^i-ocH iiljovo tliat of an atniospliei'o of llio same kind into 
wliicli it is pui^sing. is ilcflocted ill one way by a magiint ; whereas, 
if llic Htrenni is colder tlinii (lio bulk tlitougli wliicli it flows, it is 
bent in anotbor way by tbo Koine force, In tliis res|iect, iiiagno- 
iiBin and dia-inagnetisni sliow ct|ually flic iiilluoiice of another 
phyBlcal force, beat ; and wo may safely refer many nioteuvological 
plionoincna to similar allcrations of condition in ibo atmoBpborc, 
rclalivo to tlio magnetic relations of tbo aerial currents, 

'X'bat magnetism baa a diroclivo power is salisfantorily shown 
by Iho formation of crystals in tbc neigbbourbood of tbo poles of 
iioworfnl raagiicfa. Tbo eonimon iron salt, the prolo-sulpbato, 
ordinarily crysSallizea, BO that tbu crystals unite by their faces; 
but, when crystalHuing under niagiieiie influeneo. tboy have a tou- 
dency to arrange tbcmsoives with rcganl to each other, so that 
tbo acute angle of oiio crystal luiitca with one of the faces of 
nnotbor crystal, near to, but never actually at, ila olrtuso angle. 
In addition to this, if a ntagiiot of sufGeient power is cmptoyod, 
tho crystals arrange tboniselvcB in magnetic cnrves from one polo 
to the other, a larger crop of crystals being always formed at tlio 
north than ai tbo south [>olc. Hero we have evidence of an 
actual turning roand of Hio crystal, in obcdicHee to the direetivo 
force of tUo niagaet j and wo have ibo curions cireumiftanco of a 
diffijrenco in some way, wbioh is not cloBrly explained, between 
the two opposite polos. If. instead of an iron, or a ferru-inagnetio 
m\i, we employ one which belongs to tbc other, or dia-magnetic 
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i-hsa, wo liRvo a curious di'fforenco in tho roauU. If info a ghm 
(iisli. Jised ou llie poks of a sttoiig electro-magnet, wo pour a 
(jiiBiility of a mJuIioii of nitrate of silver, and place in Iho fluid, 
over Uio poks of tlio magnet, tsvo globules of moroury. by wliiuh 
[}mt iirboi-oseent cryefallizalion, called tho Arber Dmim, is pro- 
lUiced, wo liavo tho long iiccdlo-sliaped erystnls of aitver, arrang- 
ing thoinselves in curves which would cut tho ordinary magnetic 
lines nt right anglcs-C**) 

111 Iho first example given, wo liavo nn exhibition of magnetic 
force, while in tho last wo liavo a striking disjdny of tlio dia- 
mngnotio power. 

The large majority of natural formations appear to group thom- 
solves under the class of dia-magnefics, a'hoBO bodies are tlioiighl 
lo i>osses3 poles of mutual repulsion among fheniselvi'., and which 
are equally rcpelkd by the magnetio points of con\crgenco. 
Confinny our jdtns to eniglo parliclcs in one mnditiofior tlio 
olhor, lie ^hall, to ■% ecrdm extent, coinprthtnd the imnifold 
results which must nn n lioni the oxorciso of those two moles of 
force. At pitstnt, our knowkdgo of tho laws of magneti-ni is 
too limited to allow of our making any genera! deductions rela- 
tive to tho dispoRllion of the moleeuioa of maffor ; and tlio amount 
of observation wliich has been given to the great natural arrange- 
ments, is loo confuicd to enable us to infer nioro than that it isi 
probable many of tlio atruetural conditions of our planet are d\io 
(o some polar action. 

ilfountain iaiigos obKorve a hingular uniformity of direction, 
imd tfio eleayaf,o planes of rock aro evidently duo to some all- 
porvading power. Miiioral bodies are not diBtributed in all rocks 
indiacriminately. Tho prhnary formations hold ono class of 
metslliferous ores, and the more recent ones another, 'X\m is not 
to be regained as m any way connected with their respeetivo 
ages, but with Homo peculiar eondiitoii of the stone itsolf. Tlio 
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grnnite and filnlo rocks, tit IhoiF junctions, present t!io retjiiirctl 
coiiiliUuDs for tl;o deposit of copper oro, while wo fiml t!io lime- 
Etoni^ hxn the oharaetorislie phymeal stnto for ftoeurcmlattiig lead 
oro. Again, on esramining any mineral voin, it wHl bo at once 
apparent that ovory particio of oro, and every crystal of ([unrfx or 
liiiicsloiio, is disposed in n dirocfioii wliicli indicates llio exorclEO 
of some powerful directive agency. ("*) 

It nppeara, fioni nil the results hitlicrlo obtained, that the mag- 
netic and dia-magnetio condition of bodies is equally duo to some 
peculiar property of isialtev in relation to the other forms of olec- 
trioily. We have not yet arrived at the coiinccling Jink, but it 
does not a^ { ci to bo far 1 sta t 

We I e il ea ly refer e 1 to tl o hiaten ent made by talented 
experimental U tl at ig et I as a iwwerfiil inlluonco in 
either rcta 1 ng or aceolora g cl o cnl co bination. Beyond ii 
iloubteic cal acton iieake 8 flo po e of n magnet; but the 
disturba co 1 1 t oeen ona n toft on, on iho contrary, 
appears to to I to ts re o {, sgi et nioeo readily, and 
relai»ini» t ore permano fly I u tl oi vestigations are, lioiv- 
evor, rcfiu re 1 1 fore no e n Ic lo it tactorily cither of those 
problems botl f wh el hoar vc y strongly upon the subject wo 
have jui'l bee co dw ng 

Wq I avo sec tl it 1 eat a 1 cleotr o ty act strangely on 
inagnolli. force in I tl at tl 9 6t oal 1 vcr roaets ujwn them ; 
and thus tl jucst at ally n es Do light and magnetism 
in any * ay t upon oael otl er I 

Moriil ind Catj o Hoc ( et t 1 Mrs, 8omerville in 
I'lngland 1 avo st tod ti at s nil b s of bteol can bo rentlored 
magnoUi, ly oxposi g tl e to tl e fl oneo of tbo violet mys of 
light. Tleao results ha o bee I n ed by others, but again 
rcpeateil n Hj pi e tly co Sr p I I nil probability, the vnya 
to whiel tl e t eodles wore os|h, cd be „ those in wliieli ilte 
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maxiniun! soliiiic power is found, 3>rO(hieoa iiit oetifjil ehemital 
olirtiigo ; nml tlien, if Uie [wsitioa wcfe favouriible, it is quilo 
oviilont tliat magflottsm would bo inipatted. Indeed, we Iiavo 
found Uiis to \m tlw ease ^yllcn Hic iiecillcs, exposed to solar 
r!tdiatio(i3, wore placed in the direoflun of tlio dip. 'I'ho 
supposed niagiiotiaition of light by Faraday lias already Uan 
iiienlioned. If tbo i»flueiieG in one case is dolcrniined, it will 
render the other more probable. ('") 

" In socking for a cause wr les S r David Brewster. " wbicli 
is capable of inducing n agnel sn o tl o fori'uginous mat icr of 
our globe, wlietlier wo \ lace it w tl the earlli, or iu itH 
;ilnios[)liero, we are llniile I to f I o bun to wliieli all the inagnolie 
plicrioinona have a distinct rofe once b it whether it aclfl by its 
heat, or by its light, or by speoifio rays, or influences of s 
niannolio nature, must bo loft to future inquiry.{'°') 

We have learnt Ihat inagaetism k not limited to ferruginous 
mailer; we kiiow fii.it (ho ancient doctrine of the Hiiivoi^lity of 
the pioperty n true. Kireher, iu his strange work on Magnetism 
pul.liRlied in tho early part of the Eeventeeoth eenturyC^) — a 
enrious exempli fieatson of tho most unwearying jriduslry and 
earcful expontnent, eonibined with tho inliucncos of the credulity 
and supei^fitions of his ago — attributes to this power nearly nil 
the eosmieal phenomena with whieb, in his time, men woro 
au^uainted. Ho curiously anticipates tSio use of the supposed 
virtuo of snagnetie traction in the curalivo art; and as tho titles 
of his eoncludiug ohapters sufficiently show, he was a firm 
believer in anitnsl niagnGtism.('^) jiut it is not with any 
leferenco to thete that we refer to tho work of Athanvsii 
h'ifcfteri, Socidalh Je»tt, Mngnes, she de MagnetivS Arlc, 
but to show that, two hanilred years since, man was near a great 
truth ; but the tsHio of its development being not yot come, it was 
ullowed to Bleep for more than two ccniories, and tho shadow of 
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night !iad covered it. In speaking of the vcgetaWo worlil, anil 
Hio remavkriblo prooossos bj wbbli tlio loaf, tho flowor, Jinil tiio 
fiuit are produced, fliis old sago brings forward tho fact of tho 
dia-inagnctK! cbaraotor of tho plant, wbioli has boon, within Ibo 
3nst two years, ro-(3iseovorcil ; and ho rofors ilio niotionH of tho 
Suii-llowor, tho oloaing of tlio Convolvubis, and tho directions of 
tho spiral, formed by twining plants, to this particular influonco. 

'f bis doos not appear as a move spoculatioii, a random guosa, 
but is tho result of doduetiona from oxpoiiincnt anil oh^rvation. 
Kivcbor doubflops leaped over n wido space to conio to his con- 
clusion ; but i!io result is vahinblo in a twofold sense. In tho 
first it shows us that, by noglcoting a fact which is suggestive, via 
probably loso s truth of great general application ; and secondly, 
it proves to «s, that, by stopping beyond the point to which in- 
ductive logic loads, and venturing on tlio wide sea of hypothesis, 
wo aro liable to sacririco the (rue to the false, and thus to hinder 
tho progress of bum an knowledge. 

JHagtietism, in one or other of its forms, is now proved to be 
universal, and to its power wo aro disposed to refer tho structural 
condilioiis of all material bodies, both organic and Inorgaiiio. 
'I'liis view baa scarcoly yet been recognized by philosophers ; but 
as wo find a certain law of polarity prevailing tbvoHgb every atom 
of createil matter, in wbniover state it inay bo prcsontod to our 
senses, it is evident that every particle mtist bavo a polar and 
directing iitflucnco upon tbo nia^s, and every coherent inass bo^ 
comos thus only a larger and more poworfnl representative of tho 
niagnoUo unit. Thus we see tbo siteculation of Ilanstooii, that tho 
KUH is, to «8, a magnetic ecntro, and that it is equally infii^need 
by tho roniotor suns of tho univoRje,(''^) is supjmrted by le^H- 
uQato deductioasfromjjxporimettt. 

U'be great diffionlty is not, Jiowevor, got rid of by this speen- 
lation ; tbo cause by which tho earth's magiiulisni is Induced is 
only iTjmovcd further off. 
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Tho i(!e.i of a jiiaKnolio (liiul is fcarcoly U-ivMo ; iiml tlio 
femigiiioHs nnluro of tbo Aurora boreniis tecoivcs no proof 
from any invosligatlon ; inaeed, ive Imvo procHFcd evidenco to 
show that iron is not at all neeessacy for tlio produclton of itiag- 
)!Ctio plionoiiienn. The ]caf of a tree, a flower, frait, a pioco of 
nniiiial muscio, glass, paper, am! a vnriely of Bimilar sulislnncoa, 
)iave tlio power of ropolUng llio bar of iron whicli wo call n inng- 
Jicl, and of placing it at right angles to tho ilircction of llio force 
exerted by Ihcni. TJiis is a point which must bo consinnlly 
borno in luind, when wo tioiv consider the mysteries of magiielio 
pbonomcnit. 

Any twomassesof [ titer net nimi (.lel oil ci acco Ini^tollH 
Ian-, and allhouti 1 J I' o | o ver cf coliosioii tbu f leo i ly bo 
brought to an c |uil I ii u oi to its zero i oinl it h noicr lost 
nmlmay borcalily and ra) i Uy manifested by anj of tlioiicmfl 
oiiiploycd for oloolrienl eidlBlion 

Keasoning bj analogy llio qiestion fan )y suggests itself If 
two systems of inorganw atomic constitution tc thu'i invested 
with a power of influencing oaeh othor tt rou{,li a di lanco wby 
may not two nioie highly developed organic syten s cq tally or 
to a greater extent produce an mlliiento ni like manner / 
l/pon such ronsomi g as tins is foundtd tie phcioiicnonltnonn 
as Animal Magnetism Tl ero is no d(.t ymj, tl o faet tl it ono 
mass of blood, miisclo nerves and bono mii E i )af,notiiallj in 
iluenco another similar masa, This is, liowovcr, something totally 
different froni that abnormal condition, ivhieli is produced through 
mnso peculiar and, as yet, uncsplained physiological influences. 

With tlio mysterious operations of vital action, the forces which 
we have been eonsidoring huvo nothing whatever in common. 
'Jlio powcRi wbieh are employed in the ntrangemcnts of matter 
aro, notwitliaianding their subtilo character, of far too g,rom a 
nature to iiilluenco the psychological mysteries which present 
themselves to the obsocvant mind. It cannot Ire denied that, by 
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placing a person of even moderate nervous sensibility in the eon- 
sfraiaed position, and under the unnatural influence of the mind, 
as acquired by the disciples of Mesmer, a torpor afFeeting only 
certain senses is prodnced. The recognized and undoubted phe- 
nomena are in the highest degree curious — but in these the 
marvela of charlalacrj and ignorance are not included ; — and 
the explanation must be sought for by the physiologist among 
those hidden principles upon which depends ail human sensa- 
tion. ('*) 

Man, Hke a magician, stands upon a promontory, and, surveying 
the great ocean of the physical forces which involve the material 
creation, and p oduco th t nfin to variety of phenomena which is 
nneeaangly esh b ted around 1 he extends the wand of intel- 
ligence, anl b ds the spurts of the vasty deep" obey hia 
evocation 

The J he ena ecu — tie great processes of creation go 
on — the exte nal n a f e tat on b of omnipotent power proceed — 
effects are iga and aga n pro lu ed ; but the current of force 
passes undulat g onwa 1 — and to the proud bidding of the 
evocator there is no reply but the echo of his own vain voice, 
which is lost at last in tlie vast immensity of the unknown which 
lies faoyond him. 

We see how powerfully the physical forces, in their various 
modes of action, stir and animate this planetary mass ; and 
amongst these the influence of magnetism appears as a great 
directing agent, though its origin is unknown to us. 

That power which, like a potent spirit, guides 
The Bea,-wido WEiiiderers oTer dielant tides. 
Inspiring confidence where'er they roam, 
By indicating still the pathway home ; — 
Throi^h nature, quichencd by the Eolar beam. 

Directs tliB cnserned crystal in its birth. 
And frames the mightiest mountains of the ear!h ; 
Bach leaf ajid flower by its strong law lesttaina, 
Aud man, the monarch, binds in iion chains. 



h, Google 



CIIA"I"|-Ki{ XI 

CIlE.MICAr, FORCES. 

Atoinio Coiisliiiitioii of llodics — Laws of ComWnal ion — Combining 
KquiiatenU — Kleotirc Affinity — Cliciniinl I>ccoi>ipo5i(ion--Coin- 
poiina Cliamfllor of Chcniiciil Phcnomona — CalolyBiB, ot nction of 
I'resonco — 'liansformation of Orgflnic Uoiliea -- Otfiiiiiic Chpniisl.y— 
Coiistanc)- of ConibininR l'roi>Dt[io»3 — 'J'lic l.nv of VohiTnei, (lie Law 
of Subs tit III ions. Isomeric Slates, &c. 

Ahi. tilings on (lio enrth aio tho result of clicniieal comljiniilion. 
'I'lie opGvations by M'liicli (he ooniniiTigHiij; of inolooules nntl tlio 
iiiferoliango of atoms Uiko pinco, wo can iimtale in oiir taborato- 
rios ; but ill nature they proceed by slow {Icgreos, and, in goneriil, 
in our iiands ftioy are distinguished by Buddcniioss of notion. In 
nature, cliemieal power is disfvibuted over a long period of time, 
niid tho process of cliaoge is Boareely to be observed. By art 
\ro conooiitrnlo ehemteal fovoo, niid expend it in produeliig a 
obango which ocenpios but a few hours at niOKt. Mmy of tho 
liiore striking pheiionicna of nature are still mysterious to us, 
aiid piinoipally because wo do not, or cannot, take tlio element 
time into e.ikulation. Tlio geologist is conii>oiIcd to do this to 
explain tho progress of tho forination of the eruat of tho earth, 
hut tho chemi-t rarely regards tho cftecia of time in any of his 
operatious. 'J'ko choniieal ohaugo wbieh within tho fissure of the 
rook is Blowiy and silently at work, displacing one element or 
molecule, and fcplaoiiig it by another, is in all probability the 
operation of a truly geological period. Many, however, of the 
changes whieh are constantly going on around hs, are of a inucii 
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more rniikl eliarncfoi nii \ m ll c s, ml r:, h o 1 i jn raanipu- 
Jntidg tlian tlie cho ist 

Had it boon (bat tho olosncnts «liic!t arc noiv found in eoinbi- 
iiation covhl exist m n fioo state tho mo^t di«as(iuu3 cuttsc- 
(liioiices would necessarily ensue Ihcro mu I litvfl lici^ii a 
period wlicn many of tlio con^bint tions kiionii to ua \vcrc not yet 
created, 'I'lioir elements eitliei o\ httd ni olhei forms, or woi'O 
ttncombiiicd. Qui rocks aro coin|iounds of oxj^in \sitli ccrtoin 
peculiar mctais ivliioli unite with oxygen so rapidly lliat iiicaii- 
desounco is produced by then eombimtion 1 et vt suppose tliat 
any of tlicso metals existed in punlj i»d flit Ihcj were sud- 
denly brought into contict nith natci (lio atmobphcrio air, or 
any body conlaininQ o\jgon ti o lavXi uould bo i convulsion of 
tho most fcaifui Itii d ll e entiie mass of metal would glow with 
inlonsity of Iient, i 1 tl o i petuosit> of (lie action would only 
bo subdued when (he wl i>\ of tlio met A h id become oxidisied. 
Volcanio aefion has been iofern-d to some such cjuso as this, hut 
there is not sufficient ovideneo to (.nppoit tho hjpotlicsis; in- 
deed, Iho opinion of most philosopbeis is s >ainst it ('") Such 
ft condition may possibly havo esi fed it one tune but it is only 
adduced boro as an csaniplo of tho Molent nature of some chem- 
ical cliangea. Potassium thronn on wittd hursts nito fiamc, and 
eodiiim docs so undor certain coudidoai It these or ttiQ metals 
proper in a stato of 6nD duision aro biought into an atmimplioro 
of cidorino, tho intensity of chemical action is so great that tliey 
iMicoiiio incandcseeiK n any of thorn jjlowmg vfith extrisme bril- 
lianey. If hydrogtn gns h i iPKod with this olemonE (chlorine) 
they nnito, under tho mtlueneo of light, \ntli cxplosuo violence, 
giving ri^o to a com[)ound inuriatio acid which combines with 
water in an almost equally oner^tfio manm,t Kitro^n, as it 
Gsista in the ntnio [boro mi\i,l ssith oxygon sppcarii nearly 
inert; with hydrogen it toims the \ undent compound ai 
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\iUh carbon, tho poisonous ono eyanogeWi the base of Fn^io 
Mid ; wiili chloviiiu it gives riso to a fluid, otly in its appearance, 
but wiiicli, iflien moiojy touched by an unctuous body, explodes 
iiioro violently tbnii any otliw known compound, shivering what- 
over vo&sol it may bo eontmied m, to atoms; with iodino It m 
oiiiy sliglitly less viotont, and in cirhm combinations with sil- 
\'er, mercury, gold, or phtmuni, it produces fnlniinattng com- 
pounds of l!io ino.st diingiious clnracter-C'^) Hero wo have 
olcmcnts liarnilcsa ivlicii xuieondimed eiliibitiiif; tlio most dc- 
Ktructivo cfl'ocls if Ibeir coinhn Uiuni nio at all disturbed; and 
in tbe otlior enso wo liavo ini.r( niw'''J3s pioduccd from aetivo and 
injurious agents. 

'Wo regard a certain number of substances as eUmenlary ; 
tliat is to say, not being iblo, m the present state of our knowl- 
edge, lo rcduco them to any nioro Biniplo condition, they aro 
regarded as tlio olomenta, which by combination produce tho 
variety of substancos found m tho tlireo kingdoms of nature. 

Wo liavo already S|ioken of the atomio constitution of bodies. 
It remains now lo osplaiu tho simplicity and beauty, which mark 
every variety of combination under chemical force. Aa a promi- 
nent and striking example, water is a compoimd of two gasooua 
bodies, osygcn and hydrogen : — 

If wo decompose water by means of galvanic oleetrieity, wo 
sliall fmd tho volumo of hydrogen gas to bo ia that of tho osy, 
j;on aa two to one; and if equal volumes of thoso gases aro 
weighed, tho oxygen will bo found to bo sixteen times heavier 
than the, hydrogen. Ilonco we infer tha6 wafer, wbieh is 
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is composed of ono atom of hydrogen gas weighing I, and mi 
Hlom of osygcn weighing 8, relatively to the hydrogen. Tt \n 
found in Uio same way that tho theoretical weight of the atom of 
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fu-bonisb -iiiltli t ft n 14 will tth f m f 
23, that of silvei 108 f t, lil 19^ 1 th t f jil t m d 
mdium each 98 ('*) N w th th 1 t w bta f 

tbo ultimate indiTis bl t t t 11 w th t 11 mb b ns 
must be either aton tot ttwtli f } t 

that in no case comb t h Id taL p! y tl th 

a multiple propovtio f th cl It t m ml Th 

is found to be th tasc Osyg n f n t n mb as 
one, two, or three atoms ; its combination presenting some multi- 
ple of its equivalent number 8, aa 16, or 24 ; and in like man- 
ner the eonibining quantity of carbon is 6, or some multiple of 
that number. Where this L w n t f und t tly t agree ■with 
analytical resnlta, of which s me san [Is a e aff ded by the 
sesquiosides, it may be attr but d w th ut 1 ubt Ifl ome error 
of analysis, or in the method f al lat n 

Nothing can be more perf t than th manne n wh ch nature 
regulates the order of eombination. We have no uncertain ar- 
rangement ; but, however great the number of the atams of one 
element may be, oyer those of another, those only combine which 
are required, according to this great natural law, to form the 
compound, all the others slill remaining free and unoombined. 
These results certainly appear to prove that the cloniontary par- 
ticles of matter are not of the same specific gravities. Do they 
not also indicate tliat any alteration in the specific gravity of the 
atom would give rise to a new series of compounds, thus appa- 
rently producing a new element ? Surely there is nothing irra- 
tional in the idea that the influences of beat or eleetrieity, or of 
other powerii of wh' h as yet we know nothing, may be sufiicient 
to effect such chi ges the a om o constituents of this earth. 

The eomb at on of elcm nay atoms takes place under the 
influence of an n k own forco w! ich we are compelled to ex- 
press by a figurat ve term ^n ty. In some eases it would 
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iipisear tliut Oie dispoBhion of two liodios to witito, is determined 
hy Iho oleolrical condition ; Jiut a closer ejsnmiiiittioii <if tlie ques- 
tion tliHH it 13 [jtssibJo lo enter into in lliis plaoo. clearly shows 
tliat some pliysieal sfato, not eloolrieal. infiuonces combining 
power. 

Ciicniical nffinity or aftr.icfioii is tlio peculiar disposition wbicli 
01,0 My iias to luiilc will, nnollicr. To givo some instances iu 
illuslratioii, water and spirit combine most readily: llioy liavo a 
strong affinity for each other. Water and oil repel each other : 
tl.oy will not enter into eombitiatLon. If carbonate of potash is 
added to the epirit and water in sufficient quantity, tlio water is 
entirely Be|Wratc(l, and llio pnro spirit will float over tlio hy- 
diated potash, ]f potash ia added to tlio oil and water, it com- 
Wnos with the oil, and, forming soap, they all unite t(i-;clher; 
but, if wo now add a little aeid (u tl,o mixture, the potash will 
quit the oil to conibino with the iieid, and the oil will be ropoUed 
m before, and float on tho liquid. This has been called singlo 
elective nffinity. These eiootions were regarded na constant, and 
chemists drew up tables for tlio purpose of showing tho onlor in 
which these deeo,npoai(ions occur.(^) Thus, ammonia, it was 
shown, would KCiarato sulpbnrio acid from magnesia, lime re- 
move it from annnonia, potash or soda from linio, and barytos 
fi-om iMtash or soda. It was thought tho inverse of Ibis order 
would not take placo, but recent researches have shown that the 
results are modified by quantity and aonio otltor conditions. 

It ofieii baj)[>cii3 that wo have a compound action of this kind 
m which donblo election is indicated. Sulphate of limo and 
carbonate of ammonia in solution aro brought togolber, and Ihora 
results a carbonate of limo and a eulphata of ammonia. Now in 
Eiieh eases nothing moro than single elective altraetion most pro- 
bably oeours, and tho carbonic noid is seined by tho limo, only 
after it has been sot free from tho ammonia, by tho great affinity 
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of that cartli for farbomc aciil ind tlun \ ) Ih) lorcu of coho- 
mon aeling with tho coiiibming |(o«sr< tin iiisoltiblo mH k pni- 
oipilaiod.C*^) 'ihero is a curious feet in conncelKiit wilU tlib 
dccompogition. If cwboimto of limo and Hutplmto of nminonia 
aro mixed togetlier <liy intl cxjjosol m « cloBed \ttso1, to n red 
heat, Bulplinto of limo and cavlKiiinto of aiiinionia are formed. 
Those opposite cffccls are not very easily Okpkincd. 'J'lio action 
of lieatia to set free tlio carbonic aeid; and it ouii only bo by 
KUpposinjr tliat ooiisldorablo difleroncea of touiperaturo rcvorBO 
the laws of affinity, that wo can at all understand Uiia phenome- 
non, That diftbront effeola vcsoll at high temperatures from 
those which prevail at low ones, reoont experiments prove to us, 
pattieiihirly those of Boutigiiy already fjuotod, when considering 
decomposition by oaiorifio aetioti. 

Under the t«rm chomioal ofGnity, which wo regard as a power 
acting at insonsiblo distances, and producing a ciiango in bodies, 
wo aro content to allow ourselves to believe that we havo ex- 
plained tho groat operations of nature. We find (hat tho veget- 
able and animal kingdoms aro composed of earbon, hydrogen, 
oxygon, and nitrogen. Tho granite mountains of tho earth, and 
its limestone hills, and all its other geological formations, aro 
found to be nictals and oxygon, and carbon and sulphur, dlRposod 
fo asttlo in harnioniotis union in tbeir proper places by aheraical 
affinity. But what really is tho power whieli combines ntoi» to 
atom, and unites inoleoulo tomoleoiilo? Can wo refer tho procom 
to heat? 'Jlio infiuonco of calorie, although by changing tho form 
of bodies it Kotnotimcs assists eotiibi nation, is to be regarded 
ratlicr as In antagonism to tho power of coltewon. Can it be 
thought (hat eleotrieily is aofivo in prodncing tho result 1 Dur- 
ing every ohango of state, those phenomena, wltieh wo tcvin elec- 
trical, axo manifested ; but we thereby only prove the ^neral 
diffasion of tho eioctiio ininciple, anil by no means show that 
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ckiiilrioity is the eniise of tho chemienl elwnge, Oitit ligltt deter- 
iiiinc these oUangea ? It is evident, although HgUt may bo a dis- 
turbing power, that it eannot be the eflcetifo one ; for many of 
tbcfifl doeoniiKKsitions and reeompositiona aro constantly going on 
within (he dark end silent dopElis of the earth, to which a suu- 
heaiii cnnnot rcaeli. 'i'liat the cxcitntioii on tlio sui'fiico of tlin 
eailh, nmduccd by solar influonco, may modify (hose eUongoH, is 
lirohablo. It is, however, certain that wo must regard all inani- 
ftslalions of olioniical foico na deimndent uiioii soino scovet prinol- 
jilos common to all maltor, diffused (hronghout (lie iiiiivorK!. but 
iiiodifiwl by the influences of the known imponderable elements, 
and l)y the nieelianical force of aggregative altraetion. 

Bodies undergo romarkahlo changes of form, and present vory 
diflercnt characters, by reaclioiis, whieli aro of several kinds. We 
suppose that a permnnont corpuscular arrangement is maintained 
so long as the equilibrium of (ho nwlccular forces is undisturbed. 
AVator, for insiaueo, remains unchanged m long as the balance 
of ailinity is kept up betwooii tho oxygen and liydrogou of wliioli 
it is composed, or eo long as tho oseillationa of force between 
(licso combining elements arc equal; but disturb this forco, or set 
up a new vibratory action, as by passing an electric current 
through tho water, or by presenting another body, which has tho 
power of re-aeting upon one of theso corpuscular systems, and 
(he water is decouiposod, tho hydrogen and oxygen gases being 
set free, or ono alone is liberated, and tho other combined with 
the molecules of the agent employed, and a now componnd pro- 
dncod. 'j'his is chenjistry, by which scleneo wo discover the lawn 
which regulate all combinations of nmtter. 

Having reason to eoncludo that atom combinea with atom, 
according to a system most harmoniously arranged, llicro can be 
no difficulty in conceiving that molecule unites with moleeulo, iti 
a mautieic regulated by Kome equally well-marked law. It was, 
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indeed, n di«OYOVj by Wonzel, of IJ^'ibowg, that, in rnikn wbich 
deeoiii|)OEe each othei', the acid which Entuvates ono Ijheo will also 
fiaturnto tho other base ; and tlio finbaoquont observafions of 
Kicliter, of Berlin, who attaehod pro]K>rlionaI numbers to the 
acids and bases, and who reninrkcd that the neutrality of metallic 
Baits does not change during the picci|iifn(ion of mctiilB by each 
other, which led the way to tlio aloinic theory of Ilr. Daltoii, lo 
whom entirely belongs tho obscTvatioii, that tho c{;tuivaleiit of a 
compound hody U tho sum of tlio equivalents of its uoiis(itncnl», 
mid tho discovery of combination in niultipio prop orlio lis. 

Tho elements of a molcculo can talio n new arrangement 
amongst thomselves, witliont ony nltoralion in tho number of tlio 
atoms or of their weight, and thna give riso to a hody of a dif- 
ferent form and colour, although posBCssing (ho same chemical 
constitution. This is tho case with uiany of tlio oi'ganie com- 
pounds of carbon and jiydrogen. 

Tlio elemcnfs of a compound may bo dissociated, and thus tho 
dissimilar substances of whicli it is eomposcd, sot free. A piece 
of elialk exposed to heat is, by llio disturbance of its molecukif 
arrangement, oiiangcd iu its nature ; a gaseous body, carlionio 
neid, is liberated, and (juieklimo (oxido of calcium) is left behind. 
If this CBi-bonie aeid is [lassed through red-hot metal tubes, or 
brought in eontnct with heated potassium, it is resolved into oxy- 
gon and charcoal — tho oxygon combining with tho metal em- 
ployed. Tho oxido of calcium (limo), if subjectod to tho action 
of a i>oworful galvanic ourrcnf, is converted into oxygon and n 
metal, calcium. Thus we learn that chalk is a body consisting of 
two compound molecHles, — carbon io acid, which is formed by 
the combination of an atom of carbon with two atoms of oxygon, 
— and iimo, which results from tho union of nu atom of calcium 
wilii ono of oxygen. 

The condition ro(|uiHito to tlic proiluction of oheiiiicai action 
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li(.-hvceii lo.iii!i is tii.it (lioy f]mM lio dissimilar. Tb-o lOe- 
iiicntary atoms arc iilaced wilhin flio spliores of each otlicr's 
ijiflueiicw, and a coitipouiid moleenlc restilfs. Oxygen arn! 
iij'dmgcn form water, oxygen and Ciivboti givo ma to earboiiio 
acid; iiilrogcii mid hydrogen unite to form aniiiioifia ; niid 
cliolorino mid liydrogoii lo produce liydroel.louc oeid. In all 
tho^o cases an e.s.tcrnal foico i^ roquiiod to bi'iiig (ho atoms 
WilWm the riiiiKO of mutual ailinity : flamo, (!w clectiical siKiik, 
.luliiiism, or tlio iul«rpositiou of a liiitd body, is necessary in 
(-■^rlt case. 'I'liero are othor examples in wldeli no shcIi influence 
n voquircd. Potassium and oxygon instantly unite; chlorine, 
iodine, and livomino immediately, and with much violonee, 
foinhino with the metals to form ehioridos. iodides, or IromidoH. 
AVith compound molecules the aefioii is in many cases equally 
active, and combination is readily oftcctcci, as in the eases of llio 
acids and tlio oxides of some metals, ivhieti are all instances of 
tiio most common ehemieal affraetion. 

All elementary or sintplo inolectilo and nioleeulcs uf a 
ooi»i[iouHd and dillijrcnt constitution are brought together, and & 
new comiiound results from an interchange of their atoms, whilst 
an clement is liberated. Tlioso are essentially illustralions of 
analytical ehcniislry. Siilphuretlcd Jiydrogeii is mixed with 
chlorine ; tho chlorine combines with (he hydrogen, and sulphur 
is set frae. Potassium is put into water, and it combines with 
the oxygen of the water, whilst tho liydi-ogeu is liberated. 

'('no eonipound inoiecuJos being brought togellior may do- 
Koniposo each other, and form two now compounds by ni* 
inlfivcliange of their eloinonfs. 

Olio element may be substitaled for anothoe under certain 
circuaiRtanees. Gold may be replaced by nicreury ; copper will 
take tlie plaoo of silyer ; and iron will occasion tho separation of 
copper from its KoIuUons, tho iron itsolf being dissolved (o sup- 
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ply its jilacG ; eliiorino will suliKlitiile lijdrogen in tire ciirlm- 
retteci hj'Jtogon gases; and many otlier oaiiniiilos might bo 
ndiiuceil. 

Clicmieal plioiiomoiia very fief{HeTitIy lipfionte of a comjilex 
clwracter; ami oiio, two, oi- three (if tlic^e cases may bo oenur- 
ving at tlic some time in tlic (locompDsition of one conij)o«iiil by 
another. Such nro tlio goiioriil foatiircs of elioiniiml SGioneo. 
Jlany peoiiHnrifien and rcniarkablD [ihcnoiiicna cfliinectoil with 
clioinical investigations will bo unuiod, as tbo esnniinatioii of the 
cloincntiiry composition of iiiattov is proceeded witli ; but, 
altliougli the philosophy of chemical action is of the liigliost intei-- 
est, it iiuist not bo nlloffod to delaiii m with its details, vcliicli 
nrc, indeed, more in accordance with n f rcRlise oyi the Kcience tliiin 
one which pi-ofosses to <lo no more than sketch out tlioso prevniU 
jug and striking features ivhieh, whilst they elucidate the gronl 
troths of nature, arc capable of being cniployod as BuggoKtivo 
C^iiainplcH of the tendency of acicntifio investigation to enlarge the 
boundaries of thouglit, and give n greater elevation to llic mind, 
leading us from the merely mechanical procesa of anuly.m iip to 
tliQ great synthetical ojierations, by which all that is found upon 
tbo eartli for its ornament or our necessities, is created. 

Among the most reniarkahlo |)hcnome»a within tlie yangc of 
physical cheLnistry aro tlioso of OtUalysis, or, iis it Ims also been 
called, i\\a"AcUon of l'te«enee."(^) 'i'hero aro a certain 
number of bodies known to [jossoss the jwwor of resolving eom- 
jiounds into now forms, witltout undergoing any change them- 
fiolvea. Kii-eUoff discovered that the presence of an acid, iit a 
certain feffiparaturo, coavctled starch into sugar and gum, no 
combination with tbo acid taking jJace. I'henard found that 
mnngancso, platinum, gold, and silver, and, indeed, ulmo^ any 
solid or^nie kdy, had the power of decomposing tbo binoxiilo 
of hydrogen, by their pveseuoe merely, no action being detected 
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on these, boilieii. J'rtlmuiid Davy found tliat powileicd iikfmuin, 
iiioistoneil with alcolio], Tjocnino icd-!iot, fired tho si.liit, jiid 
convortcd it iiilo viijogar, without wnacrgoing. itsolf, any cltcnii- 
ca! cbango. Dmberemer nosl discovered that s|Kiitgj pkiiiiuiii 
filed a ciiiTcnt of hydrogen gas directed uiion it, Mhich.by com- 
biiiiTig ivitli tho oxygen of the air, formed water. Bulong nnd 
Tlioiiard traced the Baivie pro|)erly, differing only in degree, 
through iridium, osmium, palladium, gold, Eilver, and oven gloss. 
lAirtlior iiivestignlion has extended tho number of instaiiccB ; and 
it has even been found that a polialied plate of platinum liati tho 
jioivcr of condensing hydrogen and oxygen ho forcibly upon i(3 
Kurfaeo, tliat they are drawn into combination and form water, 
with a devctopuiciit of heat sufficient to ignite the metal. 

Thia power, whatever it may ho, is common in both organic 
and inorganio nature, and on ita important purposes Ueriiolius 
has the followin;^ remarks : — 

" Tliis po«-cr gives rise to numcrons applications in organic 
natuio; thus, it \a only around tho eyes of the potato that 
diaslaso exists : it is by moans of catalytic power that diiiRtase, 
and that starch, which is insoluble, is converted into sugar nnd 
into gum, which, being soluble, form the sap that rises in tho 
germH of tito potnlo. 'This evident example of tho action of 
i^alalyiic power in an organic seerotion, Is noi, probably, tho only 
Olio in tho animal and vcgofablo kingdom, and it may horcaftor ho 
discovorod that it is by an action analogous to (hat of eafnlytio 
power, that the seerotion of such different bodies is prediicwl, all 
which uro suppliod by tho same matter, tho sap in plants, and 
the blood in animalB."(^) 

Jt is, without doubt, to Una peculiar agency that wo must 
atlrihnlo tho abnormal actions produced in the blood of living 
iniimah by tho addition of any gaseous miasma or putrid iniitfer, 
of which wo have, iu all probability, a fearful osample in, the 
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recent progress of Asiniio Oholern ; tliercforo the study of its 
pSioiioinonn Ijceomes an imporlant part of publio hygione. 

Physical research has proved lo ub that all bodies have peculiar 
powers, by whieU titoy eoiidenso with varying degrees of force 
ga^s and vapours ti[>on their aurfuccs; every body in nature, 
may indeed bo regarded as forjiiliig lis ovfii pcculiiir atmospliero. 
'io [his fower iinilpiob-ibtUly, does citalys is belong Diilbrent 
M<"m hive boiveici prei iiled on this subjctf, and locently Br. 
T jori 1'lijfiir Ins published an oliibomto Memoir (™) irt wbioli 
bo nrniios on the probibibty tliit the catalj lie force is merely 
a inodihed form cf chcmiail adniitj, oviikd imdor peculiar 
conditions 

'Whateiu Mil) 1)0 tl I, p \\u pioducmg Uicininl cliange, it 
acts in conformity y itli some fixed 1 mi iiid ill ill lis transnui- 
talions, an obedience to a most liarnionioiis syslcin is apparent. 

It is eiirious to observe the romarkable characler of many of 
Iboso natural trniis mutations of matter, but wo must content 
ourselves with a few oxainpic.s only. For instance : — 

Sugar, oxalio acid, and eilrio acid are very unlike each other, 
yet tliey arc composed of the Kanio elements ; the first is used 
as a general condiment, (bo second a dcstruetivo poison, and llie 
third n grateful and bealtbftil acid : sugar is readily converted 
into oxalio acid, and, in tbo process of Fi|>ening fruils, Nuluro 
boraolf converts citric ncid info sugar. Again, sfaixib, sugar, 
and gum would scarcely be regarded as alike, yet their only 
difforoneo is in tbe mode in ivliieh carbon, liydi'ogcn, and oxygen 
combine. 'Iliey arc composed of tlio saino principles, in tho 
following pro|}ortton3 : — 

Carbon. Hydrogen. Osygen. 
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Tlieso isommo groups certainly iiidseato somo kw of affi- 
nity wliiuh seioneo has not yet discovered. Similai- and even 
iiiore reniavkablo inalaaeea might bo adduced of llto tame elomenfs 
jnoducinK eompowudB very unlika eaoli odier ; but tlip above 
)invo been Belceted from tbcii- ivoll-kiioivn eh.ivaetois. Iiulccd, 
MO ifiay Klato with tnilli Ibnt ail tbe varicliea of tbo vogclablo 
world — tlioir woody fibre — their acid or alkaline juicoH — the 
\'iitiou3 oxttdnHons of plants ~ tbciv flowers, fruit, and Bccds, and 
(bo tmiiiei'ous produela wbioli, by art, thoy nro niada to yield for 
(bo uses of man, are, all of them, compounds of tbcsc tbrco 
oloiiieufs, dJBbviiig only in the profwrlions in whieb tbcy nvo 
combined with nitrogen, or in somo peculiar ehaiigo of state in oiio 
ov other of tbo oloineiitary ptiiieiplcs. By the iitipuUo given to 
organic chemistry by Liebig, onr knowledge of the almost iniinilo 
vaiioly of subKtaiiees, iii physical obaraetcr exceedingly dissimilar, 
which result from tho combination of oxygen, hydrogen, and 
carbon, iit varying proportiona, lias been largely iiioi'cased. And 
tho science is now in that afato lebicb almost causes a regret that 
any now organic eonjponnds ahonld bo discovorcil, until somo 
industrious mind has uiulertakcn the task of rcdtiein* to a good 
i:;oncral classiGoation, tho immense mass of vahiablo matter which 
has boon aeeumulatcd, but which, for all pracfieal purposes, 
rc'onins nearly useless and uniutelligiblo. 

These combinations, almost infinitely varied as thoy are, and 
so readily produced and multiplied as to bo nearly at the will of 
the organic analyst, arc not, any of them, accidental : they are 
tho result of ccitnin laws, and atom has united ivith atom in 
direct obodienee to principles which havo been through all tiiita 
in aolivo operation, Tbcy aro unknown; tbo resoarches of 
seionco havo not yet doveloped them, and tho philosopher has 
not yet nia.lo his deductions. Thoy aro to bo referred to somo 
Kcorct fixed piiuciplcs of action, to a fotco which has irapre^ed 
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upon every atom of the universo its dtstinguislimg pliaraclor. 
Clioniistry inakea »a fainiiiai- svifh n sjstem of onloc. The 
roscnrclicii of asalj-sta bnve prove<l (hat ever^ body has u ptlicu- 
]ar kff of eoifibiiiation, to «hieli it h bound by a itiatlicmatieul 
preeisioir ; but it is not j}ro|)oriional combination aloiio we havo 
io confiiiler. ItuUotrophy is evidenced in (be mineral wo/ld, it 
13 certainly fur more strikingiy manifested in tlio vogctnble irad 
animal kingdonis. 

!['bero avo some ea.ws in wliicli bodies apjxtiir to combine 
Vfilliout any limitation, as ppiiit of wine and water, Niilplniiio 
acid and water; but liicso must be considered a^ coiidilioiis of 
niixtnro ratlier tlwn of clieiniaal coinhinafion. 

Tlio coniposilion of bodius is fixed and invariable, and a oom- 
ponnd Kubstanco, so long aa it vctalna its cbaraeleristio pi-opor- 
tios, must consist of tlio same elements united in ibe sanio pro- 
portions. Tlius, BiiI|)buvio acid is iiivaiiably coaiposcU of IS 
pvta of sulpbur and 24 parts of oxygon. ObaJk, ivbetlier 
formed by nature or by (bo cliomist. yields 43.71 parts of earbonio 
acid, and 50.29 jwrts of lime. Tlio rnst wiiieli feiins «|(on Uio 
Burfitco of iron by tlio notion of tbo atniospbere, is as invaviablo 
in its comjKisition as if it bad been formed by the most dolieate 
adjustment of weiglit by tbo nio.st ncetnato manipulutov, being 28 
l>arts of iron and 1 2 parts of oxygon. This law ia the basis of all 
cheniieal inquiry, all analytical invest igations depending npon 
tbo knowleilgo it allbrds ns, tbat wo can only produce certain 
undoviating compounds as (be results of our decompositions. 
Wo aro not in a position fo oiler any explanation wbieli will 
^eount for theae constant quantiSies iu eonibinadon. The forces 
of oobesion and elasticity have been advanced in explanation, on 
tbe strength of tlio fact that tlio solubility of a salt in water 
is regulated by colieslon, and tli.it. of a gas by its elasticity. 
AUIiDiigb it may appear that eoiiio eases of chemical co hi bi nation 
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arc (liiii (o tliosft powers, — as, for iMtiiiico, wlicu flie uiiioii of 
oxiilio aoidorsulpluirie ncid with Umo produeoM an insoluble sjilt, 
— wo eannot iUus ex|)kin flio constatil proport'toitK in tvlitcSi tho 
mctiils, sulphur, oxygon, and similar bodies iinife. 

Anollier luw tonehra us, when compound lioilics eonibiiio iti 
luoro than oiio proportioii, tliat ovory additional union represents 
a nuilliplo of tho combining proportion of tbo first; — with Uio 
diflioulty whicli avisos from tho Bub-inulliplo compounds wo can- 
not deal ; — further rescRrcli way render Uioir laws less ohaouro. 
■\Vo Imve seen ihnt 8 jMirts of oxygen unite with 1 of hydrogen 
and 14 of nitrogen. It also unites with 110 of silver, 96 of 
plalinnin, '10 of potassium, 36 of chlorine, and 200 parts of 
nieroury, giving rise to — 



Oxido nf silver UH 

Oxide of lilaliiiiim 10! 

Potash ifi 

OxidO of chlorine ^1 

Oii<lo of mcroury 208 

Tn these proportions, or in multiples of them, and in no othere, 
will these bodies unito with tho aeida or other contpoundH, Tt 
isill, of course, bo inideratood (hat any niher nnnjbeis may ho 
adopted, provided thoy stand in (ho hmm relation to vai-h 
other. C^*) 

I'Voni the discovery of these ItamioniouB arrange men is was 
dfduecd tho Ijoaulifnl atonno theory to whieh allusion has beou 
ulveady made. Indeed, tlicro does not appear to bo any otlier 
M-ay of explaining those phenomena, than by tho hypothesis that 
tho ultioiato atoms of bodies havo relatively the weights wbioh 
ivo arbitrarily assign to theui, as their eotnbining (jnanttlieii. 
These views ure further confirmed by tho fact, that gaseous 
bodies unite together by volume in very (siinplo deUnits propor- 
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thm : ^ 00 nioasuros of liydrogon and 200 measures of osygen 
form watfii-; 100 measures of osygcn and 100 measures of 
vajiOMv of sulphur form sulphurous scid goa. AiimtodiHCHl gas 
coiisisti of HQQ voiuitioa of hydrogen and 100 volumes of itifro- 
gen, condousod by eoriibinadon iuto 200 voIumoK ; eotiseqiiciitly, 
wo ato eniiljlcd most readily to enlculato the specifie gravity of 
ammonkcnl gas. Tho specific gravity of nitrogen is 0,9722, 
that of hydrogen 0.0694. Nnw, ihreo volumes of hydrogen 
are ctjunl to 0.ii082, which added lo 0.9722 h equal to 1.1804, 
whioli is exactly the speclBc gravity obtained by oxpotinient. 

There is uo doubt, from the generality with ivhicli this law of 
vohniics prevails, that it would bo found to extend through all 
Bubstanoes, provided (bey could be rendered gaseous; in other 
words, there is abundant proof lo convince us that, throughout 
nature, tho piotoss of combinndon in ihc UKst smiplo ritioof 
volumes is in operation to piodueo all (lie forms of matter 
known to us 

It has been shown by the adniiiabk unc-tigitions on Afonne 
Yolumciitf Dr Piijfur and Mi Ionic that mII- conhimiig 
waler of crjDtillization dissoho m wilci without incrcTing ila 
bulk more than is duo lo tho liquefaction of (ho w itei nhich 
these saKi oontiin the anhjdroui alfii tikmg up no "pjce m 
sohUion. Ihis wasfirsi obseivedlj J)i Dilton who m 1810 
rcninrkod Ihit su^ir and (.erhui hydi ited salts on <-o1u(tnn m 
water, iiioieisod ito volunio by a quanlKy proci'cly equal to 
(bo volume of water they iield in eonihimtion Irom this wo 
aro natmally led to conelude lint (he \olumo oecuptod h\ a ^lO 
in tlto solid stale has a cerfnin relation to the voluuio ot tho same 
Kilt wlien in solution, and has also a (ixed relation to the vohimo 
occupied by any other salt. The law appears to be : the atoiuie 
volume of any salt whatever (anhydraus or hydniEed) is a iiiul- 
liplo of 11, or of a number near 11, or a mtiltiplo of d.H ((ho 
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atomic Tolumo of ice), or the sum of a multiple of 11 or 9.8. 
Marignac, who has also paid ninch attention to the subject, doea 
not thick theae numbers absolutely correct, but approsimately 

In addition to the laws already indicated, there appear to be 
some others of which, as jet, we have a less satisfactory knowl- 
edge, and, as a romarkable ease, we may adduee the phenomena 
of substitution, or that power, which an elementary body, under 
certain condition pn e s of t ruing out one of the elements 
of a compound, nd f 1 n place, C™) 

Under the influ n f tl =e laws, all the combinations which 



w dsc 

Ipl 
t pe 


til If 


ti tal pl 

ll t 

t tl 1 t 

Th d 


Th 
Tl 
1 t 
th g 


m t 1 d osjgen, and 

1 m t f the organic 

g t every form 

tl n« ind the 


m 1 


h 1 il 
bta 


t. ] di 
> m 


d tl 
1 h! 


d 1 hil , albumen 




h h mp 


wh 


h d the influence 


t t 


p « 


h 




b t s whi h ire 


t 


li 


tc h 


h d 


b ty f the nimal 


fl 


al d 


p d 


ll w 


B t th se metaraor 


It 


m b 
1 
m g 


f h 


d d 


m ation uf the 


f h 
nib 




Th hangea which 
m k bl , and withal 


tby \ 


w h. 


pl t ly the whole of the material world la in 


b] f 


t h 


If 


p 


ty ff mtl suit 


t yt 




ml t tl t 


f 1 f t these 


metamo 
Inn 


1, 11 

tfi 1 

1 m I 
mh 


d d d 

fd d 
tl ml 
t be 


d h 


1 a t n yt-a of 


the cha 
cided 


hod 

iti 


d pp W s. y de- 
h Iph d nd 


water c 


nd salts disf. I 


e nw t 


w m y alway re og- 



h, Google 



16 CHEMICAL METAMOKPHOaEa, 

nize their presence, and therefore these and similar caaoa cannot 
be regarded as strict esamplea of the phenomena under consid- 
eration. 

Hydrogen and osygen, in combining, lose their gaseous forms, 
and are condensed into a licjuid — water. — Sulphuric acid is 
intensely sour and corrosive ; potash ia highly caustic ; but united 
they form a salt whioh ia neither : thoy appear to have destroyed 
the distiaguishing characters of each other. Combined bodies 
frec^uently occupy less apace than they did previously to combina- 
tion, of which numerous particular instances might he adduced. 
Gases in many cases undergo a remarkable condensation when 
h m lly mh 1 I I k g I th w t 1 Id 

th m 1 1 f th hyl t f m d I th t h t 

p d d fr tl ] 1 t f th t 1 wh h h d 

b mpi ydtokithwtelijd Wh lip 

t tl tq i I: te 11 pi 1 ly tl b t t f m 

a hj t t th h t [ 1 to ff t fl d ty A 

Ite t f te pe t rr wh h cal b t k 

pi w h 1 ly h w w fh f 1 gl t It 

dth dist 1 Ihyth fth f f ffi ty 

t 1 tly 1 d t th d 1 pm t f ral phy 1 p w rs 

Ch g t I y f q tly d d th d 

not appear to be any relation between the colour of a compound 
and that of ita elements. Iodine is of i deep uon gray lolour , 
its vapour ia violet ; it forms beautifully white salts with the 
alkalis, a splendid red salt with mercury lod a ypllow one with 
lead. The salts of iron vary from white and yellow to greon 
and dark brown Those of copper a led metal aru ot t bean 
tiful blue and green cf lour and the anhylrous sulphate is white 
Isomorphism which appears m a veiy remarkalle manner 
among the orginic compoun Is his under the head of crystal- 
lization, already hid oui attentun Theie is al=o a e!a^ of 
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hoilim wliieh ate said to be isonicnc ; thnt is, to Iiavo flio umn 
coiiipoailion, altbosigli (Uftcrciit iit tboir phyeical clmraofera. But 
tho idea that b»lios estat, which, altliotigh of a decidedly dilTerant 
cxteriial elmvaclor, nro of osaoHy tlto Fame elieoucal co»iposi!ioii 
!iiid iihysieal condifton, is not teiiablo; and in nearly nil the 
(!xaiii|)lcs wliioli liavc been carefully oxnniined, b diftorenco in 
(ho aggregate number of atoms, or in the nioilo in ivliicli thoao 
atoms have rospeelivoly arranged tboinaelvps, or fliat peculiar 
pliy-sjeal difference designated by the term uKotropy, lias bocii 
detected. 

Oil of turpentine and oil of lemons liavo tlio valine coiiiposi- 
finn, eacli being eonnwsed of five Of|uivHlcii1s of carbon and foiir 
(if iiydrogen. 1'lieso uub^itanceB form, from the Ktriking dittcr- 
ciieo povceptible in tlieir external cbaractcrH, a good oxamplo of 



'I'ho laws) of organic cboinistry are not, bowcver, tbo same as 
lliosfl applying to inorganio eoinbi nations. Organic cliomisti'y is 
well defined by J.iebig, as the chemistry of componnd radioala; 
and under the influence of vitality, nature produces compounds 
wtiiob liavo all the preportios of simple cleincnta.(^) 

Wlion wo wifleot upon tho conditions wliicb prevail tlirougboat 
iiatiiro, with a feiv of which only haa science made hb acquaiutod, 
wo cannot fail io be struck with tho various pliases of being 
wbicli are pie&ented to our observation, and tho harmonious sys- 
li'ni upon which (bey all appear to depend. 

\Mion wo diacoyev that bodies are formed of certain doEoi'- 
hiiiiaio atoms, which uiiifo one with anothoi', according to an 
arithmetical syateia, to form nioloouloa, which, combining with 
moleonl^, observe a Btmilar law, we w^ at otuio ibat itU tlto bar- 
ninnioa of chemical corabsnation — tbo definite proportiona, bins 
of volume, a«d tho like — are but the neec3»ary consequences 
of thew giniple and guiding Giiet priMciples. la tho ptirauit of 
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truth, investigators must discovor still fiirflier arniiigonieiits, 
wSiicli, froMi thoir perfection, may bo compavciJ to tlio melotUDiia 
intcrblending of sweot Bounds, and iiiHny of tho appareiilly inde* 
[crmlnato couiblnattonH ^il], boyoitd n doubt, be aliowii to b» as 
doSiiito ss nny othoro, But we cannot refieet upon tbo fact tbitt 
thcsu atoms and tbeso motcoulcH arc ^uUlud in tboir combi nation h 
by impulKGs, wluob no can OJily explain by rcfcrciico to liuuian 
jKiKsions, as tlia term eleclive affhiilt/ implies, nitliont feeling 
that an inipenotrablo niyi^toiy of a gruiid uml Ktaitlinfi; cliuractcr 
in its manifestations hurrouiKls encli grain of dust wtiiuli is Inir- 
riod along upon tlio wind. 

We now, liabitually, F]>eak of attracfiou and iiipuhion — of 
tho afTinity and non-ailinity of liudii's. Wo aio dii<|)Oi!cd, IVoin 
tlio discovery of tho attraetivo and rcpolliiig ]iolo3 of cleotriiicd 
substances, to regard thcso powors in all caso» tia depending 
Ujion soniG electrical state, ond wo wiiio learnedly upon the lawa 
of these forces. After all, it would bo nioro honoi't to admit, 
that we know no more of tho secret impulses which regulate tho 
combinations of mattor, than did lliOGO who ^alihflcd tlienisulre» 
by referring all phenomena of those hinds to sympathies mid an- 
tipalliiea ; terms which have a [xis'tic moaning, conveying to tlio 
mind, with eonsidoroblo distinctness, the fact, and giving tho 
idea of u fooling — a passion — involving and directing inani- 
inato inaltor, similar to that wliieh stirs tlio human heart, and 
certainly calculated to convoy tbo impression that thovo is work- 
ing within all things a living piinciplc, and pointing, indeed, to 
" the soul of tUo world." Tho animated marble of ancient siory 
is ftv less wonderful thnn the fact, proved by investigation, that 
every atom of matter is penetrated by a ptincipio which directs 
its mofeiuenls and orders its positions, and involved by an influ- 
ence whieli extends, without limits, to all nfhor'ntoni-', and which 
'S their union, or otherwise. 
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We have gvavUaUon, <lrawlng all iiiiiMor to n eommnri cento, 
iiriil acting from all boilios throughout tlio wklc togioiis of mi- 
iueasurod spaeo upon all. Wo have ctihesioii, hoWiiig tho [>ap- 
f ides of matter oiieliainofl, operating only at diKianccR too minitto 
for tho matlieinalician to meaauro ; and wo liave cbomiMl attrau- 
tioii, (liflToront from oitbor of those, working no less mysteriously 
witliin abfiolutoly insonsiblo distances, and by the osorclao of its 
occult [Kiwor, giving determinate and fixed forms fo every kind 
of materia! ercition 

'J'lio spiiitual Icings wluoli tlio poet of untulotcd mturo gi\o 
to llio foiPst, to the valley, and to tho mount'km to llii, hko. to 
fho rivoi. and to tho ocean, working wilhm their secret, oilicos, 
and moulding for man tho ho'tuliful or tlio sublime, are but tho 
weak cre-itioiis of a finito mmd, although tliey ln\o tor «8 a 
iiUarra which all ihbti unooiiseiously obey, e\on when tlioy rofu-.o 
to confe«!i It 1'lioy aro like the itsult of the labour* of tho sfat 
uary, who, in his high dveanss of lovo and sublimatod beauty, 
creates from the marble block a figure of tho most cxquisito 
iiimdding wbieh mimioa life. It charina ua for a se^aii ; wo 
giwo and gawj again, and Hh first charms vanish ; it ia over aiiil 
ever still tho same dead heap of cbisollod stono. It hi^ not the 
power of presenting to our wearying eyoa tho change which life 
alono enables matter to givo ; and we admit tho oxcolloneo of tho 
artist, but wo ceaso to fool at his work. Tho poetical orentiohx 
are pleasing, but llicy novcr aiFeet tho mind in the way in which 
the [Hiotie rcalifies of nature do. The sylph moistening a lily is 
a sweet dream ; but the thoughts which rise wbon first wo learn 
that ita broad and boautiful dark-groon leaves, and its pure and 
dnlieatu flower, aro tho results of tlio alohemy which changes 
gross pattielea of matter into symmotrio forms, — ^ of a power 
which is unceasingly at work under tho guidance of light, hoat, 
i»nd electrietil fom), — avo, after our incredulity has passed awiy 
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— for it is foo wooulovful for tho «ntuioreil to lieliovo at once — 
of All exalting obaraetev. 

Tho flower biis gi-owii under Hio Impulse of prinfi!(ikH whkli 
imve Ifttversed to it on tho beam of sokr Hglst, and nnn^ltd * tfh 
jls sulistanco. A stoiio is merely a stoiio to moat men But 
wiUiin tho intcr^tiocs of tlio atoiio and m\oI\Hig it like hu atiiio 
splioro 110 gtoit iiid iiii{,lity influoiioos iiowow wl loli nio fiai 
fal m liioir (.rauder operations and wondcrlul m tlioii gcnflei 
<lo\eloi nents Tho stone and llio flo«ci HdH lo;ki 1 uji m 
tlioir lecP'wi.s tlio tl CO great known foi s — li„ht lioit md 
cl liieily ml inH]! I ibility otlioisof a inert, exalted na- 
tuio slill to wl cl tloi) lowers oro but -suborlnialo agents. 
Sucl 110 tlio ficti et bOieuBo whieb iiileod draw "sermons 
from stones anil imd tongues in liccs " Uow weak are tbe 
ereilions of ronianoo wlien vit-wed bosido tlio discovorios of 
Bcioncol One affouh mattoi foi niedil tun mi Wes xmfo 
tl 'Ufjiita of a most eimoblmf, cliitiacter tho other cseitoa for a 
inoi iont iiid loiics the mmd \ loant or disoasod T!io former, 
hko tlio itinosphoio fuinishes a cot "tint supply of tlio most 
hciltbfiil matti-r tl o litter givei in unnituinl '•tnnulus, which 
conijols 1 rcn^ttil of tbo ii le kind of txcitu loiit to maintain 
tlio eonlmualioii of its ploaHurablo sensations. 
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tiogdi— Miuia-il Kingdon 



] L c — Sea Wtitor — Chloiijio — SIh- 
( ninpounils of Uyitrogfili with Ciir- 
1 t) lamp — ItcBplratlon — Anininl 
>"!!■ Acid — In ti lien CD of I'laiits on 
u( Vfgctition — Conii>ouin!3 of Hi- 



^ViTHOUT atloiiipting tiiiything whieL shall npproadi even to tlio 
cliaraotur of n sketch of cliomical soioiico, wo itiay ho allowed, in 
oui- Eoaroli after exalting truths, to soWt auch oxamplos of tho 
riisulta of coiiibinatioii as may soito to olwcidato any of Iho facts 
oonneotcxl with natural phcnoniona. In doing this, hy associating 
our oxamioniion witJi well-known natural objects or eoiwIifioiiH, 
tho inlcrpvctiition afforded by onalyfiis will ho more evident, niid 
fho oi>cratioii of tho orcativo forces rondoreil inoto striking and 
fauiiliar, i)articiilar!y if at tho same time wo oxaniino suoii phy- 
pieal eonditiona as are allied in action, and are euffioiently expla- 
natory of important features. 

A large i>ortioii of this planet is covered hy tho watois of tho 
ocean, of lakes and rivors, Water forms the bust moaiia of OOiii- 
inuiiication between rensoto parts of tho earth. It is in every 
respect of the utmost importanoo to the animal and vegelahio 
kingdom ; and, indeed, it is indisiiensahlo in all tho great phe- 
nomoiia of the inorganic world. I'ho paculiafities of saltncss or 
froshncifs in water are dependent upon its solvent powers. 
Tlie waters of tho ocean aro saline from holding disNolved vaiioBS 
KiUiio cemjwunda, which are received in part from, and imparted 
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a!sn to, tho i«avinn jilants. Pcifocily ]»uro wafer is vfitliowt iuio; 
even tlio ploai^fliit oharactor of frcslily-drawii spntig-wates is Aaa 
to the adnnxturo of carboiiJo oekl. It is clicniiually comjioscfl of 
two volumes of hydrogen gas — tlio lightest hoAy knowH, and at 
ttio same time highly inflninmablo — united willi one volumo of 
oxygen, wliioh oxcitoa combustion, and continues tlitit action, pro- 
(liieing lieat and light witli great energy. By weight, one part 
of liydrogon is united with clglit of oxygen, or in 100 iMtfs of 
water wo find 88.9 oxygen, imd 11.1 of Jiydvogen gaw, Tliat 
two such bodies should unite (o furnish tbo most fofrcsbing 
boverago, and hidced tho only natural dvink for man and animals, 
ia one of tlio extraordinary facta of scicnco. Ilydvogcn will not 
support life — we cannot breathe it and live ; and oxygon would 
over-slim ulato tlio organic system, and, inodiieing a Vind of com- 
bustion, give rise to fever in tho animal frame ; but, united, they 
form tliut driuk, for a drop of which tho fevered monarch would 
yield hia diadem, and the deprivation of wliieh h ono of tho most 
horrid calaraities that can bo inflieted upon any living or moving 
tiling. Water appears as the antagonist principle to firo, and tlio 
ravages of the latter ore quenched by the nsauaging itowo«t of tho 
former ; yot a niixtnro of oxygen and hydrogen gases, in tho exact 
proi)Oriioii in which they form water, oxplodcs with tho utmiffit 
violoneoon the contact of flame, and, wlion judiciously arranged, 
produces tbo most intense degree of heat lino\¥n ; — awch is tho 
renmvkflblo difference between a merely mechanical mixture and 
a ohomioal conibinaliou. 

If wo plaeo in a globe, oxygen and hydrogen gasos, in tho 
exact proporliotis in which thoy combine to form wafer, ihoy rc- 
maift without change of Blato. They appear (o mix tnliinatoly ; 
and, notwithstanding the difference in the speciSo gravities of tlio 
two gases, tho lighter one is diffused throngh tho heavier in a 
eurioi^ manner, agreeably to s law which has an important boav 
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wg on Oio conditions tif almosphoric [ilienomena. (^'') 'Iliis rao- 
snout, lioivovor, that an incandescent lioily, or tlio apwik from uu 
ctcctrio machitiG, is brought into contact wUlt the niked gnses, tlicy 
i^ni(o, cxplodo violently, and coinbino to form wntcr. 'X'ht> dis- 
covciy iif the compasilion of watei- was thns pyiithetically matte 
liy Cjivciidisli — its con si i tut ion having been picviouhly (licotott- 
cally aiiiioiuiccd by Wall i^'") 

If, iiistejid of combiniiig o>ygcii and hydrogen in llio propor- 
tions ill wliicli they form water, wc eomjiol the bydiogen to Com- 
bine with an additional equivalent of oxygon, wc have a coni- 
|Kinnil (loi-'jL'Ming many piopoiticBstiikingly dift'eienlftoni water. 
This — peiiixido of hydrogen, att it is called — is a colourless 
liqnid, le;^H volalilo than water, having a niotalliG taiito. It is do~ 
fiimpoi-ed at a low teniporaturo, and, at Iho boiling [wlnf, tlio 
oxjgeii r-cftpes from it willi euch violence, that fcoinotliing like an 
I'xplu'-ion enwics. All niolals, escopt iron, tin, nnlimoiiy, and 
fclluviuni, have a tendency fo deeomposo this compound, and 
vcpatato it into os.ygen and wafer. Homo metals arc oxidisiad 
liming Iho dccoHiposiibn, but gold, silver, plntinum, and it few 
olhcvi', sHll retain their motallio Bfato. Jf either silver, load, 
mercury, goM. platinum, manganese, or cobalt, in tlioir high<mt 
htateK of oxidation, are put into a lube, containing this peroxide 
of bydrogcn, its oxygon is Hborated witli tho rapidity of an ex- 
plosion, and so much heat is oKcited, that tho lobo booonioa red 
liot. I'iioso pbenomona, to whieU we have already referred irt 
nolioing catalysis, aro by no means sati»>faetori1y oxplninc«), and 
the pseuliar bleaebing preporiics peMSOssed by flio peroxide of 
bj'Irogen, sufGt-tcntly distinguish it from waior. 'I'Iioto aro few 
combinations which show mora strikingly ilian t1iEM3, the diffijr- 
eneo arising from tho eboBiieal union of an addilional atom of 
ono ekiiiont. Similar instances aro nuini^rous in tite range of 
cUomical sotonce ; but scarcely any two exhibit audi dissimilar 
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|iro|)erlii;s. During llio ordinary proeesNca of combustion, it has 
been long known Umt wafer in formed by the combination of tlio 
liytlTOgeii of Itio burning bocly witti ftie oxygon of tlio aii'. Tho 
reooiit vosenreisos of Sehoiibeiii hiive aliown timt tliis perosiilo 
of hydrogen — or, na he calls it. ozone — is produced nt tho 
Kama time, and that it is developed in a great ninny ways, pat* 
liculavly during electrical changes of llio alinospbero. Thus wc 
obtain evidence (Isat this romnrkiihlo eonipound, which wss ooii- 
siilored as a chemical curiosity merely, is dilfuKcd very gonorally 
tbrougb naliiro, and pioduced under a gteat variety of ciream- 
slaiices. Baring l!io cxcilation of nn eleolrioal inaoliino, or tho 
passage of n gaWanio current (brougli water by tlw oxidation of 
phospboras, and probably in many similar processes — in par- 
ticular th«*o of combustion, and wo may, therefore, infer also of 
respiration — this principle is formed. From observations whieh 
have been niado, it would appear that, during tho night, wlion 
tlic activity of plants is not excited by light, they act upon lUa 
atnHKpbero in saeh a way as to produca this poroxido of hydro- 
gen ; and ils iwoscnee is said to be iiidioated by its peculiar odour 
during tho early houis of morning. Wo are not jot acquainted 
witb this body sufllciontiy to spacnlato on it« ubok in nature ; 
without doubt, they are imporlant, perliaps second to those of 
water only. It is probable that orono may bo tho oolivo agent 
in removing, from tjio atniosplioro, those organic poisons to 
which many forms of posfilence are traceablo j and it is a ourious 
iiiot, tliat a low elccfrieal intensity, and a consequent dofieieney 
of atmosphorie ozone, ntarha the provalonce of eholora, and an 
oneem distin^jshes tho roign of influeiiKa.(°") 

Water is one of tlio most jioworful ebonncal agenta, having a 
toM, extensive range of affinities, entering directly into tlie com- 
pletion of a great many ciystalliisahle bodies and organin eoin- 
|wu»ds. In tbMO ea^a wboro it is not combined as water, its 
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ulciflonia ofton exist, in the projwriioiia in wliiwli wati>r is fornicil. 
(iuiu, starch, ami Eugai- only difler in flio pvopofUons in vfbicli 
tho oleiiiontfl of wntai' nrc combined witli Clio carbon. 

ill »ilii)o combinations, and also in many organic forms, wo 
iiiuBt ro^rA the water as condoBEed to tlio solid form j that is, to 
exist as ico. Wo well know that, by tho abstraction of heat, tliis 
condition h jiroiluccd ; but, in choniical combinations, this ctiango 
most be tbo result of the mechanical forco, osortcd by tbo [wwer 
of Hlo asency directing affinity. 

In tho oase of water passin;; from a liquid to a solid state, wo 
liavo a most beautiful exeioplifiealiou of Ibo perfection of natural 
operations. Water conducts heat downwards but very slowly ; a 
mam of ico will remain undissolvad but a few inolics under water, 
on tho surface of whioh, ether, or any other iMtlanmiable body, is 
burning. If ico (solid wator) swam bciiouth tho surface, tlio 
snmmor sun would scarcely have power to thaw it ; and thus our 
liikes and seas would bo gradually converted into solid masses- 
All similar bodies contract equally during tbo process of eool- 
ij)g ; and if this ai>p]ied to water, it has been thought that tho result 
would bo tho sudden consolidation of the whole mass. A niodifi- 
calioii of the law has been supptsod to tatio place to suit peculiar 
cireuinsfanoos of wator. Nnturo never modifies a law for a jmip- 
ticular purpose ; wo must, thoroforo, seek to explain the aoUon 
of tho formation of ice, as wo know it, by sorao moro rational 

Water expands by heat, and coutraefs by cold ; consequently, 
tho coldest portions of this body occupy tho lower portions of tho 
fluid ; but it must bo romorabored tliat thcso pwts are warmeii 
by tho oavlh. Ilo^, howesor, states that at tho depth of 1,000 
fathoms the soa has a constant temperature of 39'. Water is at 
iis greatest density at 40° of Fahrenheit's tUermometer ; in cool- 
ing furtiior, it appears to expand, lit tlia same \iiay as If heated j 
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and, coiiaequontly, wator, colder fli an flib iwmt, iitstead of biiing 
hciivior, is lighter, and floafs on tho mirlavM of tlie wartiioi- iluid. 
It floes not soeiH Ibat any inwlilioatton of tho law is riiquired to 
(iccount for fbis phenotneson. Water coolotl to 40° still vetaiisM 
its pecwliar corpuscular arraitgomeiit ; hut itntneiliately it jmsises 
bolow that temporfttiuo, it begins to dispose Itself In sueli a man- 
ner that visible crystals may form tlio moraont it roaches 32". 
Kow, if wo conceive the parlietes of water at S9° to arrange theni- 
Kclvos in tho manner necessary for the ftssumption of the sotid 
form, by tho |)articular grouping of molecules in lui angular 
instead of a spheroidal shaije, it wilt be clear, from wlmt wo know of 
tho arrangement of crystals of water ~ ice — that flioy mnat occu- 
py a larger space than when tho partielos are (lisposod, siilo by sido, 
in minwte spheres. This ospansion still goes on increasing, from 
tho sanio cause, during tho formation of ice, so that it» spocifie 
gravity is less than that of water at any toin|ioralure hiilow 40". 

Water, at rest, may be cooled many degrees below tlio frooss- 
ing jsoint without hoooming solid. I'liis is easily oiTcctcd in « 
tbiu gla^ flask j but the niomont it is agitated, it beeoinos a firm 
mass. Kore we have another cause aiding In producing crystals 
of ice on tlio surface of water, under tho inllneneD of tho disturii- 
auoo produced by tho wind, wliich does not ostend to any depth. 
As oxygon and hydwgen gases enter largely into other cliam- 
i<»! eoin|)ounds beside water, it is important to consider some of 
tlia foriM of matter into the composition of which tlieao elements 
enter. To oxamino this thoroughly, a complete essay on ohem- 
ieal phib^pby wouW bo necessary ; we must, tboreforo, lie con- 
tent with rofotring to a few of the more remarkable insf«nee». 

Tlio watora of tho ocean are salt ; this amoa from tlicir hold- 
ing, in Boltttion, murialo of soda (common culinary siill) and 
other salino Ixidlos, This miirbte of soda is a compound of 
muriatic aeid and soda: mnriatio aeid is Itydrogen, combined 
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Willi n mwit romarknbto gaseous bwly, calleil, from its jollow no!, 
our, ckhnne ; and soda, osjgon in union with the metal sodium, 
Ulilorino, in Koiiie respects, i-OBemhles oxygen ; it nttacks mefallio 
bodies witb great energy ; and, in innny eases, produces the \imi 
vivid lucniidescerico, duiing the process of combination. It h a 
powerful bleaching agent, ia doatruotivo to imiinal lifo, niid riip- 
idly chnngcs nil oi^anio tisanes. Tbero oro two other bodicK in 
inioij rcsi)ccl.i so aimilflr to olilorino, although the ono is at (ho 
ordinary I e m porn t Tires solid, and tho other fluid, and whieli' arc 
;dPi,M!i.-vcovorcd in sea- water, or in tho plants growing in it, that it 
is difficult to consider them otherTpiso than as different forms of 
(lio sanio principle, 'i'lieao aro iodine and bromine, and tliey both 
unite wilb hydrogen to form acids. The part which cblorino 
performs in n;iturc is a groat and jinpotlaiit one. Ab muriate of 
soda, wo may traeo it iu largo quantities thi'ougb tho three king- 
doms of nature, and (ho universal employment of salt as a con- 
diment, indicates tho importanoo to tho animal economy of tho 
elements eonsposing it. lodino has been traced tlirongb the 
greater number of marine plants, existing, apparently, as an essen- 
tial eloraoiit of ihcir eonatitution ; it has. been deteclcd in soino 
mineral springs, and in small quantities iu tho mineral kinj!-- 
dom, ("=) Bromino is found in soa-water, nlthongli in extremely 
nsiiiuto quantities, and in a few aalino aprings; but we have uo 
ijvidonco to show that its uses aro imjmrlant iu nature. 

Hydrogen, again, unites with carbon in various proportions, 
producing the most dissimilar compoutids. Tho air evolved 
from stagnant water, and tho fire-damp of the coal mine, aro both 
carburettetl hydrogen j and tho gas wbieli wo employ so advan- 
tageously for illumination, is tho same, holding an additional 
(iuantlty of carbon in suspension. Naphtha, and a long list of 
organic bodies, are composed of these two ehemieal elentents. 

TiicMi conibinationa load »is, naturally, to Iho eoiisideratton of 
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tlio great chcnjicsl pbctiouieiia of eombiiMtion, wlikli involve, 
indeed, the iiiHuoiiccs of oil tlio plijmeal powcra. Uy Oie jtjipli-' 
cation of boat, wo prodaeo an intonao action iit a body Koiil to lie 
combustible ; it btirns, — n eliemical action of tho most e«uYgo!io 
eliaraetor in >a progiuM, tho oleiiiciifs whiclt conBlituto llio eom- 
buatiblo body are decomposed, they wnilo willi Bomo ollior cIdiiidu- 
Inry priiiciplos, and now compounds aro formed. A bu<ly trains 
— it is entirely dissipated, or it loaves it very small quantity of 
aslics bcliiiid uneonannicd, but notliing is lost. lis voJalilo parla 
liave entered into new Bnaiigomeiits, tbo form of tlie body is 
cliangcd, but its constitnont.^ ate still playing an iinpovlant jiur- 
jiose in ereotion. 

TliQ ancient notion tliat firo was an cmpyical clement, and tlic 
Stabliaii hypotliesis of n pldogislic principle on wliicli all tlio 
cftcets of combustion depended, ('") have botli given way to llio 
plnlnso|>by of tlio tin fort mi ato Lavoiaicr — wliicb hm, indeed, 
been modified in our own tiiiicB — wlio sbowcd that conibnstioii 
ia but tho dovclopmont of boat and light under Urn iriftneRco of 
cliemical combination. 

CombHstion was, at ono period, tbougbt to bo always duo to 
tho combination of oxygen with tlio body burning, but researeli 
lias shown that vivid combustion may bo produced vpborii there 
is no oxygon, Tlio oxidi/ablo metals burn most cnorgclieally in 
chlorine, and some of thoni in the vapour of iodine and bromine, 
and many othor unions take place with manifoatatioiis of iiicaii- 
doscoiiCQ. Supporters of combustion were, nntil lately, regarded 
as bodies distinct from thoao undergoing eonibustiwi. For cxara- 
plo, hydrogen was regarded as a combusHblo body, and oxygon 
as a supporter of combustion. Sneh an arraitgcntent is a most 
illo^cai one, sieeo wo may burn oxygon in contact ivitli hydro- 
gen, in tho same manner as we burn hydrogen in eonfaijt with 
osygon J aad bo in all tbo other cases, the supporSer of combustion 
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miiy bo biiriit in an atmospliore foi-iacd of tho, so Pollixl, coinliig- 
tiljlo. I'lio ordinary phcnoraeiia of coiitbusfioii are, Iiowe^or, duo 
f II Die combination of oxygon with tlio body burning ; therefore 
OYcry insianco of oxidiKiition may bo regarded as a condiEion of 
eoiiibiiMlion, llio difference being only one of dogeoa. 

(I'oinnioii iron, exposed to air and nioisturo, rants, it combines 
\ikh oxygon. Pnro icon, in a Btalo of fim division, niiites ivitli 
oxygen so readily, fbnt it becomes incandesecnt, and in botli 
cases oxido of iron ia formed. Tliia last instance ib oertainly a 
case of conibuKtion ; but in what does it differ from tho first one, 
except ill the ititonsity of the action 7 The eases of spoiitaneous 
eoiiitiusliiin wliieh are eonlin\ially occurring, aro osamplea of aii 
ftu,tlii;-ou.^ ciiavncfer )o tlio above. Oxygen k absorbed, it entora 
inoio Of le?s tjuickly, according to afmoaiiliorio eondilions, into 
ehiiiiiical coniliin^itioii, boat is evolved, and eventually, the aelion 
conliniiRlly iiinioiisiiig, tr\io combustion takes place. In tbia 
way our eottoii-ships, storebonses of flax, piles of oilcd-eloUh, 
sawdust, &e., frequently ignifo ; and to such an influciico is to 
bo attributed the destruction of two of our abi|)s of war, a (ow 
years einee, in Bovonport naval ai-sonal. (^") 

In ibo cconoinio produetion of heat and light, wo have tho 
itonibinnllori of hydrogen and carbon with the oxygon of eoniiiion 
air, forming water and carbonic aoid. lii our domcatio fires wo 
employ coal, which la eMcnlially a comjKmnd of carbon and 
hydrogen, and some matters which must bo i-egardeil as inipuri- 
tics ; tho taper, wbethor of wax or tallow, is niado up of Uio 
wauio bodi^, differing only in their eombining proportions, and, 
like coal gas, tlieso bian as earbasjltcd hydrogen. All these 
bodies ata very inflammaMo, having a tendency to combine enoi?' 
getieally witi» oxygen at a certain olevatton of temperature. 

We are at a loss to know how heat can esam the combination 
of those bodies. Sir Iftnuphry Davy baa bIiuwu lliat hydrogen 
20 
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will not Imiii, liiir a mixturo of it with oxygen exploilo, mhIoss 
(liryully infiufiiced by a bo(!y heated so »8 to emit lig/il.(^'^) 
Slay we not, Ihcrofore, conclude Ibat the eltomical aetlon KsltiU- 
ite<l in a buruing body is a devclopfnent of BOino latent foreo, 
ivilU whiiili i¥0 are anacqutiiiited, produced by tbo ate«-|ition of 
liglit ; — tbat a repulsive action at first lakes place, by wbloh tbo 
bydrogen and cnvbon are separated from each other; — 'and Ibat 
in tlio nascent elalo liioy are eei/^cd by the oxygen, and again 
eon)|M:llcd, though in tho new foruiB of walcr and eai'benic ncid, 
to resume liioir chains of combiiiing aOinily. 

J4very ctjutvalciit of carbon and of hydrogen in tho burning 
body wnitcs with two equivalents of oxygen, in slrict con form ily 
with tho laws of combination. Tho (lainc of hydrogen, if [itire, 
gives searcoly any liglit, but combined witli Die eolid ^mrtiolca 
of oarbou, it increases in brightness. - The most brilliant of tho 
iUiiniinnling gases is !lie olefia^nt gas, produced liy tho dcconiiw- 
Kition of alcohol, and it appears to bo hydrogen charged with 
carbon to llio point of saturation. Flanio is a cono of heated 
vapouv, becoming incandescent at tho \mnls, of contact with the 
air, a mere superficial fihu only being luminous. It is evident 
that all tho paitieles of tlio gas are in a stnto of very aclivo 
TCpulBion over tho surface, since flamo will not pass tbrongli mm 
gau7^ of moderate fineness. Ufioii this discovery w founded the 
ininiitiiblc safety-lamp of Davy, by moans of wbicli t)ie explosivu 
gases of a ntino are harmlessly ignited within a cage of wire 
gauKC. 'X'his oft'eot has becft attributed to a cooling inilueneo of 
Uio melal ; but, since the wircB may be brought to ii degroo of 
h<»t Ijui little below redness without igniting the tiro-danip, litis 
does not appear to Im the Qauso. JE appi»ii£ to prcsoui an oxtrni" 
pie exactly the eojivonio of (hat already stated with voferoMeo to 
the spheroidal afafo of water, and It iiOiirds adilitioiKd lividenet^ 
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iiipoilant i>hy ual c]HHgi.s 

I bo roieaielHa whieii led to the saftty lamp miy Ijo rcgiuled 
H among tho nioH coinpkto osmipk^ oE corrtot iitducti\e 
t\joiiiiniiit lu Ao ra«|,o of 1 nghsh «(i(,nti. niisl tho roMilt h 
ctilainly oiio of tho proudest aoiiiovomoiits ot physico Uieitiical 
i( nreh Uy merely oiivcloping tho flimo ot n Innip with ■» 
iiittjiUie giu/o tho liibouror in tlio recedes of the gloomy inmo 
mny feel himself secuco from thnt outpouring cMtroiit of inflnni- 
iiiiiblo gns, which has hcon bo often tho iniuislcr of death j bo 
may walk unharmed through tho oxploHivo nfmosphorc, and 
exmnliiu tho iiitoiisity of its power, as it Ja wasted in trifling 
eftuits within the iittto oage ho eames. Accidents have been 
ntttibutcil to tho " Davy," as the lamp is called among tho col- 
liers ; hut thoy may in most eases be traced to cni-cleBsnefia on 
Iho part of thoso whoso duty it bas been to examine tho lamps, 
or to the recklossnoss of tho miners theinsolvea. 

'i'liat cutioas nict.il, platinum, and aho palladium, posscs^'cs a 
property of maintaining a slow eombut'fion, whioh has been roii- 
dered available by tbo discoverer of tho fcafoty-lamp to a very 
iii!|iorlant pnrpoKO. I^ wo take a coil of platinum wire, and, 
having made it red-hot, plunge it into an explosive atmosplicro 
of carbnrotted hydrogen and oonnnon air, it continues to glow 
with eonsidcrablo brightness, producing, by tins very peculiar 
iniluenco, a reeombhiation of the gases', which is discovered by 
tbooseapo of pungent acid \apoura. Over tlie Httlatlamo of tho 
safefy-lamp a emi of platinum is suspended, anil it is thus kept 
eoMsEaiiUy at a ted hi^t If the inincF becomes accidentally 
enveloped in au itmospharo of Sre-«lamp, alfhough the flaiiio of 
liis lamp may fii» extmguished tho wire eontinues to glow with 
sHfticioiit briglitnes.'i to liglit him from Iiis danger, ibvoiigh tlie 
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fo-^il iwl 

ft n tli\i^ tint tbo <lisco\oFiEa of t-eiencc, tUlioudi ll!i\ tmy 
aiijiLur ot an abslract cbiiactoi eonstinllj toonor oi latoi aro 
Bjphod to uaea by wbirU eouio bianth ot bullion ktifnii h is- 
mlcd, tlio necessities of man's i,on(lilion rl,ho^Cll, and tlio amen- 
iliea of lifo advanced 

Iho leapiiatioii ot aninnk is tin iiiatmco of tin, same kind of 
oliomioal phcnomoiin as vto Akeovcr in ordiiinfy coinbtistion. In 
tho lungs the blood becomes cliargcd wilb oxygen, derived from 
llio atiiiospherio air, witli wbioli it passes llirougb fUe system, 
performing its important offices, and flio blood ia retiiniod to tho 
lungs with tlio ontbouio acid, formed by tbo soparalioti of carbon 
from Ibo body, wbicli is thrown oft" at every ospiration. Jt will 
bo quite evident that (bis process is similar lo that of ordiimry 
iximbuslion. In man or animals, as iii tlio bunting taper, — 
wbieb is aptly enough employed by poets as tho symbol of lifo, 
■—-we liOTC hydrogen and carbon, with Bomo nitrogen Biiporadd- 
ed; the hydrogen and oxygon form wator under tbo action of tlio 
vital forooa; the earbon witb oxygon produces carbonic noid, and, 
by a ourioua process, the nitrogen and hydrogen also combino to 
form ammonja.f ^) 

All tho earbon which is taken into iho animal economy pasises, 
in tho proeoKJ of time, again into the atmosphere, in combination 
witli oxygen. Ibis being effected in tho body, under tho Cdtalytia 
power of tiaaues, immediately influciieed by tho excitation of ner- 
vous foroea, wliieh aro iho direct manifestations of vltitl energy, 
Tho qaantiiy of earlM)Dio aeid thus given out to tho nir is eajmblo 
of ealeulation, with only a small amount of error. It appeain 
that upwards of fifty ouneea of carbonic aeid must be given off 
from the iwdy of a healfby man in twenty-fonr huxtm. On tho 
Imvest caloulation, tho popidatioii of London mast add to tho 
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■iliiio^pliMo iliiily 4,500,000 pounJs of carWiiic m-id. It must 
.il'-o Imrcriiniiiboicd that in o?oiy proeet-s for adiUckl itlutniua- 
&m, and in al! the operaJtons of the tnanufactsrca in whiclk firo 
i-. «w;<l, ami nho m oar ariatigetDenta to secHfe domestio comfort, 
iiiiniCii-o ijuaiitilica of tbis gas aro formed. We iniiy, indeed, 
f liil^ I'-liiiuito tlio nnioiiut, if we asoorfain tiio quantity of wood 
.mil (imI (iiiisuiiicd, of all fiio eaibon wldoh combines witli oxy- 
I ui \iliilc Imvning, and escapes into Hio air, cither as earbonio 
■M ill (11 ' iiliDiiie o^ido. The foimcr gai, tlio tnitio as tlmt wlnoh 
.ti'curaiiUtp'. in deep wiills and in brewers' vats, h higlily do- 
^Inif.livo tulifo, pioducing very diitiepsing&yinptomH, ovi'ii wlicii 
miied with alniwtplioiic air. in but slight oxccm over ivhat it 
coijiiiionly eontains. I'ho oppressive atmohpbero of crowded as- 
Boniblica, is in a great measure due to the iacioascd proportion 
of carbonic acid it conlaiiis. It will bo evident to every one, 
tli.it, unless somo provision was made for romo\ing fliif doloto- 
rioiis gas from the atnioapbero as speedily as it formed, conse- 
ijuences of tlio most injurious cliarflctor to tlio animal races 
^iould eri'-uo- It is found, however, that tlio ([Haiilify in tlio 
;ilino^l>bere H ahnost constantly about ono per cont. Tlio peou- 
li.n- [iroperties of carbonic acid, in paii, insure its speedy re- 
moval. It is among the boaviost of gaseous bodies, and Jt Is 
readily alKovbod by wator; eonsoqiiontly, floating within a abort 
dif-tanco from the aurfaeo of tho c^rtb, a largo quantity is dis- 
Nilved by tho walois spread over it. A largo portion is romovod 
by tlio vogotablo kingdom ; indeed, the wbolo of that prodteeed 
by animals, and by tho proeossoH of combustion, ovenioally be* 
pomos part of tho vogefablo world, being absorbed with water by 
the roots, and separated from the air by tho peoulinr fnnotions of 
tho leaves. Tfowevor, the property of tho diifutiion of gases ex- 
^ilains tho rapid mixing of this heavy ga^ with the lighter aiino- 
^plierte fluid. 
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The leases of planfs mny be regaHlod ns jicrfoiwing ^milar 
offices to llio laiigs of aiiiuiiiis. Tbcy nro the bi'enthing ofgnns. 
Til tlie annual cconoi»y a cerinin tjunntily ot citrbon is iieei^'wrily 
ici^DCtl, ill combititition with iiiirogbn and otber pluiiioiits, to 
fomimusflo; hut tbiscoBstantlj uiulorgoingel!angoj—-tliO en- 
tiro syiAem being rcnowed ivitbin a ooiiipartitivoly litiiilad period. 
Tlia conditions ^vitSi plants nro Romotvbat diflbrcnt. For in- 
stance, tbc carbon in fixed in n tree, and leniniiis as woody fibio 
until it decays, even tlmugli tbo lifo of flio plant may extend 
over many centuries. 

Animals, then, are constantly supplying earbonic acid ; plants 
aro as constantly feeding on it; thus is tlio bnlan(!C for over 
iimintaincd between the two kingdoms. Another conililion is, 
lioivever, requiicd to maintain for Ibu wbob of men and aniumls 
tbo necessary supply of oxygen gas. Tills is effected by ouo of 
tlio^o ivoiHloiful operations of nntuio's cliemi&try wbieli must 
Btrike every rellecting inind witb admiration. During tbo iiigbt 
jilanta breathe carbonic aeid ; bdt Ihcro is a condition of roposo 
jirovniling then in their functions, and niuoli of it passes ofl' «n- 
obanged. 'With the liret gioani of the moining wm tbo dormant 
organs of the plant ate awakened into full action , (boy dccom- 
Itoso this caibonic atid, sccrcto l)io caibou, to foFin the rings of 
wood which eonsEituto bo laigo a jiart of tlioir btruolwro, and 
pour out pure oxygen gas to tho air. 'I'hc plant is, thoroforo, 
aa eesontiftl element in the conditions necessary for tbo support 
of animal lifo. It muat nocesiiarily follow, that the inhabitants 
of the lro|.iic3 do not produce so much carlianic aeid as those who 
dwoU ill colder «giong. lu the first place, their habits of life 
are dlffet«nt, and thoy aro not under the ncecE^ty of maintaining 
nnhnal heat by the «sQ of artificial combustiffli, na are the pfioplo 
of colder dimes. 'I'he vegetation of tho regions of tho tropies is 
much moro loxuiiant than that of tho tcm[>crate and arctio zones. 
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Ifonco 8(1 additional supiil^ of cnrhonio aeid is required between 
tlic tmrid zones, mul a IcMi qtiantity is |)rO(Ittced by ifs aniinnk. 
These eases arc all luet by tho gn^t Biirial inovontOMts. A eur- 
roHt of warmed nir, ricii m osygen, raovca from the cqiintoi; 
toffanlB tliB poles, wbiisi tho eoolor air, eliiirgcd with tho oxcem 
of carbonio aoid, sots in a conslant stTOani towards tho equator. 
j!y this iitoaiis tho most peifect equal illation of the atmoHphorio 
coudilioiis in iiroserred. 

'The carbonic aoid poured out from tlie fliousantt inoullis of owr 
iiory furiineos, ~ produced during tlie laborious toil of tlio haid- 
ivurkin^ artizan, — and exhaled from every populous town of this 
i>\ir island honic — is borne away by tJio prevailing aerial currents 
to find its place in (bo pines of tlio Pacific Islands, tlio spiec-lreeH 
of tho Eaafoni Arohipolago, and tho einelionas of ^Soulbom 
jViiiorica. 'X'bo plants of the valley of tho Oauonsus, and thoso 
wliich IIouvihIi nmongat the Iliiualayas, ctjually witli tho less 
luxuriant vegetation of our ieniperato cliniea, are directly depoii- 
dctit upon man and tho lower animals for tlioir supply of food. 

Tf all plants wore renioved ftom the earth, animals could 
not oxiBt. How would it be if the animal kingdom was annihi- 
lated ? — would it bo posaiblo for vegetation to continue ? This 
i|HCstion is not quite so easily answered, for it lias boon supposed 
that during the opoeb of tho coal formation n luxuriant vegetation 
must have gone on over tho earth's surface, and tho ovidcuGcs of 
(ha oxistonco of anlusal life during that period nro but few. It 
is suppasod that tJio air was thou charged with carbonio acid, and 
thai tho oalamites, lepidodondra, and mgtilaria were employed 
io rofflove it, and fit tho oarth for tha oxygon-breathing raecs. 
'i'ho evidence upon theeo points is by no moans satjsfaeioryj and 
ulthough at onetime quite dispi^^ to aeqmosco in a conjecture 
which appears to aeoountEo beautifully for the observed geologi- 
eal phenomena of carboniferous periods, wo do not regard tho 
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Heeessities for bucIi a cmiiHtion of tho atmosphere aa i-Icarly rmtdo 
out.(^") 

In all prolmbilily the same ifi«tuiil dopeiidence, which now 
exists botwcon the animal and vegetable Vingdotits, oxistod from 
the lieginning of time, and will oontinac lo do &o vindoc vnvying 
oireuKistaiioes through tho countless ages of tho eatth's duration. 

There is yet another very important chain of circunmtanocs 
whioh binds thoso two great kingdoins together. This is iho 
chain of tho nnimnl neceKiilioa. A Invgo number of races feed 
directly v\yin vegetahlca ; herbs and fruits are llio only things 
from which they gain those elements required lo restore tho waste 
of their systonis. 

Those UerbiTOrous animals, ivhiiih must necessarily form fat 
and musolo from tJio elements of theif vogotablo diet, are preyed 
on by the carnivorous roecs ; and from these the earboii is again 
restored to tho vegetable world. Sweep off from tho oiivtli tlio 
food ot Ibo herbsvon they must ntcosaanly very soon porish, 
and, with then dissolution, tlio dc^^Etuetion of tho eamnora is 
lotfimlj msuicd To iHusirato this, on a small scilo, it may ho 
nicntioni.d tint iround the eoiiits of Comnall, pdchards wcio 
tornicrlj laught m very gioat ahnndance, in the sliallow water 
witlim co^ea, wbeio these fisli art now but nicly seen I'lonn 
tho invesli^tions of tho Mcssi* Cnuoli, whoso \ciy aecuiafo 
observations on the Cornish f-iuiia lino placed both father and 
BOB amongst tlic most eminent of British natucahats,(^"') it 
ap]}oars thit the ab-Kineo of these fi-.li is to be alliibuted entirely 
to flw pnotico of tho farmers, who i.at the "-e^ vicod from the lod •> 
for ilio purpose of manuring ihoir lands. By this they destroy 
all tho Binall craatacca inhabiting thcEO immaturo marine fovf^fa, 
fcediiig on the algre, and as ihoso, tSio principal food of the pil- 
chards, have perished, they seek for asnbatilute in more favourable 
eiliintions. 5Ie. Darwin romarltB tliat, if tho immenso seM-woed» 
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of tlio Soutliom Oeein wero iomo\Lil ly any crmse, tlio \v1)o!e 
fimiia of tliCKD »tm would bo clnii|,i,d 

\V<! have scLii tint anunals and >te;etnblea jire composed 
priiiDi|)Bily of four elomonfary jameiplos, oxygen, hydrogen, 
nifrogoii, mill cailion Wo liayo oJ-amincd tlto remarkable 
iii:iiiiiov in wliicli Ihey pass from ono condition — from ono kingdom 
of imturo — into Olio til or. The animal, poiislnngmid dwliidlinf; 
Ijy dcconiiiosition into tho most simple forms of matter, mingling 
lilli tlio itmosplioro is mcro gia grndually becomes put of Hio 

Hiiigphi I and by bkocHngosiegct iblooi{,nmimi)iogics''e3 
Husai 1 to form ti portion of tho aniiml slrncture 

A plant o\pos(,il to tho aotion (f mituiiil ir irtihcial decompo 
'- tion pisaoa into air lonving but i f<,w grains ot sohd matter 
1 hiid It An animal in like nnnnor h gradually rosohi,! 
1 (< lb in nil Hnselo and blood, lud Iioiiob bi\m„ under 
^nnp the chaiij,o ire found to ha\o e%apul as gascB, loavmg 
mh •» pinch ot dust ' nhieh belongs to tho nioro etablo mm 
Lrii ttoild Oui depciidenoy on Ibo almosphoro is thorofora 
I \ 1 lint \\ dcnvo oui substance fioni it — wo iro after death, 
! hcd agam into it Wo nio leilly but fleeting shailons 
\iiiiiial and Mpctiblo forms iro hftio moro tli-iii consoUdatod 
n '-.OS ot tho atmosphere Ibe Bubbmo creations of fheniost 
iftcd bnrd cannot iival fho beauty of Uii^ tho highest and tho 
liu t piottj of hcionce Man has divined such ohangoa by tho 
inuidi,d [Kiiori of reason '»rf,uing fiom tho phonomona whioh 
'. imeo ro\eils in unceasing iction iroimd him Xho Greeian 
'a^os loubff. of his own identity was only an cxtonsion of « 
'if at Initb lej nd tho hinits of onr i ton Homineo ind 
suppcstitiOH levoho tha spiritual man into i \mblo form of px 
tume ethtruOiiy m tho apeotra! eications clothed m thou o«n 
horror," by which their reigns bavo been porpotuatod. 
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Wlioii SlialtsjMjavo iiindo bis eliatining Anvii Mtng — 

" h'ali fathom fim thy faihoi lies. 
Of his boaca are ootat iiitido. 
Those SIC peacln thitt weco liis eyes ; 

Kortliig of him that iWtit hie, 
Diit (lath sulTcr n sCAchango 
Into somplhiog rich «nil alianyo;" 

iio painted, with ooiisiilerabio corroodiess, the clicinicnl cliangoa, 
by which deconiposidg animal jiiattcr U replaced by n mliciious 
or calcareous fonnntioii. 

Tlio iiiyatcrios of flowers liavo ever been tlio cliariii of tho 
pool's song. Iningiiiatioti has iiivestod thciii wKh n inagie 
infliieiico, and fancy has almost rcgni-(!cd thcin as spirituaUliiiigs. 
Tn contemplating thoir surpassing loveliness, Iho wind of ovory 
observer is improved, and tlio sentimoiitfl which they iiiBpu'o, by 
their wore oxtornal elogaiieo, aro great and gooil. Hut in 
oxaminiiif! tho real mysteries of thoir conditions, thoir physical 
))boiio)iictia, tho relations in which they .stand to Ibo' niiiinal 
world, " stealing and giving odours" in Uio marvolbus inlo^ 
ehaugo of carbonii, acid and ammonia for iho soMl-iiispiring 
oxygon — all ipeaVmg of tho powers of sonio uiwooii, indwelling 
pHneiplo, directed by a Stipremo Hulor — tho philosoplior finds 
Bubjiicis for deep and sotil-irying contemplation. Suoh studios 
lift tlio mind into tho truly subliiiio of nature. Tlio poot's dream 
is the dim roflcotion of a distant sEar : the philosopher's rovela- 
tion is a strong telosoopio oxamination of its features. Ono ia 
the mere eolio of tho reinot« whisper of Katuro's voice in tJio diiiu 
twilight J the other is tho swelling inusio of tho harp of 3fHmnon, 
awakeriod by tho sun of trutii, newly risen from tho ni.'iht of 
ignoiDiiee. 

I'o totum fioin out long, but somewhat natural, ilis^jri'ission, 
to » eensideration of the ehoinieal phenomena connected wiili Iho 
afniMplioro, and Its eurloua and important oleniont, nitrOif^en, wo 
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mwbA ikst !}Oi!siilei' Iho ovidonco wo Lave of tlio uuiiilttiou of ihv 
air itmlt. 

Tho mean pnissuro oxertcd ujioii llio wivfaco of tlio eavtb, as 
indicated by tho barometer, ia equal lo )t coluiitH of moreury, 
tbirly indiGH Siigh ; that is, tlie column of air presang upon tho 
(ij»cii cud of a bout tube fiiled with luovcury, oxnctty bakneea 
Uiat (juaiitily, which represents a protisaro of llftcon pounds 
ii|ion every E(|U)tro iticli of Burfaco. Tliis pressure, it must 1)b 
lOKiciiiborod, is tlio compound weiglit of llio gaueous envelope, 
iiiiil tlie claKtiu forco of the aiiuoous vapour contained in it.('") 
ff tliO atmosjiliovo were of uniform condition, ita lieiglit, as infer- 
red from tlio bavomctor, would bo about live iniloH and a lialf. 
Tlio density of t!io air, bowcver, diminishca with tho pressuro 
upon it, BO tliat at tlio lieiglit of 11,650 feel tbo almospbcro ia 
of lialf density ; or one volume of air, as taken at tlio Burfaco 
of tlio earth, is expanded into two. Thus tho weight is continu- 
ally diniiiiistiing , but this is legulaily oppscd bj tho dooroafcing 
lf,in|Kjr«turo, whioli 13 it tho rate of about one def,ioo tor every 
;!'»2 fei,t ot ascent, nlthou Ji ui ^ll piobabibfy it n kss lapid at 
j;voat dutiULti trom fho ciitb 

It ba'j Ken t ikulitcd fiom tjitini plunomun of Kifrnction, 
tiiat oui atino-pbcio must extend to about forty nnlca from tlio 
.Mirfaeo of tho earth It niiy, m a btato of o^lromo tenuity, 
exftsnd still further , but it is piobablo lb it (ho intonso cold pro- 
dviccd by rntrictirn '^Ms limit to -jnj extension much boyond 
ibis. 

'I'lw M t >l tbo iliiiospliuo Hi, ni inj It 19 (ho medium foi 
roguiating the di=i«jrsioii of watery yajjours over the oaHb. Jf 
tbero was no atniKiphero, and tbat, as now, ibo equatorial olim^ 
wore hot and the poles cold, evaporation ■would bo continually going 
m\ lit tho e(|Mal«i', and condensation in tbo colder regions. The 
s-ky of tho tropical climes would be perpetually oloudlcss, whilst 
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m tlio teuiperato iukI artio zonea wo kSiowIiI liavo ccmstnnt rain and 
enow. By having a gaseons Rtinos|i!iero, a moro uniform siate of 
tilings is praduecd, the vapour evaporated from tbo oairlli Ixicoino 
intinintely mixed willi tlio ait, nnd nro bofne hy tt over 3nrg« 
tracts of country, and only precipitated wboii fhoy enter sumo 
stratum much colder than that wliioli involves tlioin. 'i'liera uro 
op{>ONilc tondonoicR in an atinospliero of air and ono of vapour. 
Tlic air circulates from tlio eoWor to tlio warmer parts, and tlio 
vaponr from tlio wanner to tlio colder regions ; and as tho cui"- 
rents of tho air, from the distribution of land and sea — the land 
from its low conducting power being more qtiiekly heated than 
tho Eca — aro vory coinplientcd, and as some foreo h employed 
in keeping tlic vapour suajicridcd in tho air, water is lewi siiddonly 
deposited on tho earlh than it would linvo boon, lind not tlieso 
tendencies of the air and its liygroiiiotrio peculiarities been aa 
we find tlicin. 

Tho bluo colour of tlio Bky, whicli is so much more ngraeablo 
to tbo oyo than oitbcr red or yellow, is dno to a teiideiiey of the 
mixed gas and vapour to reflect tlio bl«o rays ratbcr than red or 
yellow. Tho whito light which falls upon tbo surfaco of tho 
earth, without absorption or daeoiiip<isition in its passage from 
tbo sun, is partially absorbed by, and in part reflected back fvoin, 
the cartb. Tho reflected rays pass with tolerable freodoni 
through this trnnsjtarent medium, but a jiortion of tho blue myH 
are interrupted and rendered visible to us. That it is reflected 
light, is proved by tho fact of Its being in a polari»!d stale. C^'^) 
Clouds of vapour roflaot to ws again, not iailated rays, but tho 
«Hdecoi!i])Cffiod beam, and consequently tliey appear whito as 
Biiow to our vision. 

Tho goldoH glories of BHasot, — when, " lika » dying dol- 
phin," heaven puts on ttio most gorgeous hues, which aro 
conlii*Uiilly changing, — dopond entirely ujion the nuaiitity of 
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Wiilory vapour \vliicli ia mixed mth tlio nif, and its st«to ot 
I'oadom'Aloa. It has been observed, tliat steam at niglit, JKSuing 
into tUo alniesphero under a pressuro of IwCHly or thirty pounda 
to flio Equate laob, tranvntita and reflects orattgc rut light '1 lii^s 
wo may, tUeretoro, conclude tobo the piojiottj of sueh a comlifion 
of mixed vapour aud mi, as piovails when tlio iismg or tlio 
setting »uii is sIicddinK o\ei tho castciii oi llio wct.tcin hori/on 
tlie glory of Hf coloured rijs (^ ') 

Thus. scicn(c pcints lut to us tho impoitaiit uses of Hie dir 
W'c loiuii (lint lite in 1 i-oiulmsdon ai o entnoly dependent on it, 
and tliat it h m idt the inLnna for secuung grcatei confitaiiey iii 
the climates of the earth than could otherwise bo obtained. Tho 
faeta already dwelt upon are Buflieient to cotiviiico every 
Ihiiibing mind, that the beautiful pystom of onler which is 
displaye<l in tho composition of the atmosphere, in which tho all- 
oxeiling element, oxygen, is subdued to a tranquil stale by 
another olonient, iiitrogen, (which, wo sliaU have presotifly to 
fliow, 19 ileolf, umlor certain conditions, one of the most oncrgotio 
agcids with nliicb rc nre aeqnaintpd,) indicates a Supreme 
imwor, omniscient in tho adaptation of things to an especial end. 
( txygen and nitrogen are hero mixed for tho benefit of man j 
man umtes them by Ilio aid of jiowera with whioh ho is gifted, 
and tho eonpequences are of a fatal khui. Tho principles which 
the great ohcmist of nature renders mild avo tratiaformed into 
Hourcea of evil by tlio chemist of art. 

Boyoiid all this, (he atmosphere produces cEFcots on light which 
add inruntdy to tho beauty of the world. Woro there hq atrao* 
spboro, wc should only sea those objects upon whbh tho sun's 
rays directly fell, or from shich thay were reflccled. A ray 
falling tbroiigh a small Mo into a dark room, illuminating one 
object, wbieb rcflaeta some light ujwu another, is an apt illiistra- 
tloH of Iho effect of light upon tho earth, if it e^isSed without 
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its enveloping ntmnspliOi'e. IJy (lio tlij-perpive poivcra of ihk 
mecliuin, sunlight is convi'ited info (Jajligtit; and in-load of im- 
bcnnblo parallel rays iHumiTiatrng btiDiaiiUy, biwI BCurcliiiig up 
with beat tliosfi pat-is upoji iTbi<t! they dneclly foil, leiiviiig tiil 
other parts in tbo darkness of night, vco enjoy llto blofsiings of 
B ditfiiBion of its rays, and opoiiciiee the hca\itic3 of soft KliJidea 
and slowly- dcc|K)ni»g shadows. "Without nn almoiijihore, the stin 
of Ibc morning would bui^t upon lis with inibcainl'lo hrilllancy, 
and leave lis suddenly, at (lio dote of day, at once in uller 
darkness. With an a(ino=p1ieic, iic have tho f«ili{;!it with all its 
towpored lovelincs.^, — a " time for [Wets iiiailo." 

Ill ebcinieal character, atmo'pheiic air is cdinixifcd of twenty 
one v<jlumcs of oxygen, and sovciity-nino \oliinie'i of nili-ogcn : 
or ono hundred groins of air coo'-ist of 2S,1 grninR of the former, 
iind 70.9 grains of tbo hitler. "Whether (bo ail is taken from 
the greatest depths ov tho most exalted heights to «Iiieh man has 
over rcaobed, an iiivaiiablcpropoition of the gaj-C's is inaiiitaincd. 
Tho air of Ohiniborazo, of tho aiid plaint of h-pypt, of tbo 
pcstilenlial delta of the Niger, or even of (he infected atiiiosphern 
of an hospital, all givo (bo fame propai(ions of (beco two gn?cs, 
as wo find existing on the healthful hilj.s of Devonhhiie, or in tbo 
air of tho city of London, 'i'his conslaney in eon>titiition leads 
to tho supposition that tho oxygi-n ami nitiogcn aie cheniieally 
coiiibiiicd ; but many eminent philoi^ophers havo contended that 
Ihoy aro merely mochanically mised , -i I t'l ' i < 'luwii that 
some jweuliar pi-ojjerties prevail am n i -, which 

very fully explain the eqwal adniKMui ,.; i,|!mR<i 

gravltio.* of wbioh are difibicnt. 'I In- i- ji.ufisiil iviy exeni' 
pliiicd in the eas) of earbonie aeid, of Tthieh gas onp per ijent. 
can be detected in all regions of (be air to wbieh tbo investi- 
gations of man havo reached. Tbi- gas, nllhough po heavy, is, 
by Ibc law of diffusion, mixed witli great imifonnity tbrougliont 
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tlic inii^.(^) Every eshatatloti" from the onrlb, of course, 
pii-'Kos into tlio nir ; but tlieso aro g.juovally cither so llglit tlmt 
they arc earned into the upjjsi- regions, and tlieiu poiforin tliuit 
parts in tlie meteorologleal pbonoiiieiia, or they aro othetwi''i! 
very readily absorbed by water or gi-owJiig plants, and llms w 
tbo atinosjjbere presorved in a state of purity foi- the uses of 
animals. Again, tbo quantity of oxygon eontnined in the air, 
and ila very peculiar cbavactcr, insures tbo oxidation of all flio 
volatile organie inattors wbicli aro eoitstantly passing olf, — an tlio 
liiiciplos of plants, tho niiaaniain of si,vani[)3, and tho 
niiiial putrofaclion ; tboso aro rapidly converted into 
water, carbonic aeid, or nitric acid, aTid quickly enter into new 
and harmless combinations. Tbo eloinoiit« of conlMgiori \va axa 
nnfii'i|ii!\nited with ; but Kinoo the attention of iiiquirur.^i lias been 
"i' liilo iliivutcd to this iniporl.^iit (iml doUcatc Btibjoct, ^oiiie li;ibt 
in^iy [n-Jilily be thrown upon it before Jong. 

JS'utbirj* shows more strikingly the adinirnblo adaptation of all 
tbings for tboir intended nses than tbo alntosphero. In it we 
find tho souroo of life and health ; and chomistvy Icaehcs us, 
most iiulisputably, that it is composed of certain proportion.i of 
oxygon and nitro^n gases; and exporionco inforniM ax that it is 
on the oxygen that Wo are depondent for all that no enjoy. So 
l)(';mlifiilly is tho atomie or molecular coustilntiou ovderod, that 
t{ H impii-i-siblo to produeo any change in the air without render- 
in;; it injurious to tho animal and vegetable economy. Tt might 
he thonght, from tho well-known exhilarating character of oxy- 
gen gas, that, if a larger quantity existed in tbo atniosphora than 
that which wo find there, the enjoyment* of life would bo of r 
iiioro exciting Ictnd ; but the consequences of any increase would 
bu exceedingly injurious; and, by quickening all tho processes 
of life to an unnatural extent, the animal fabric would soon de- 
eply : excited into fcvei'j it would l^o destroyed by its own lives. 
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Olioitiistry has iiiailo us netiuaiufcd with nix oflior comi>ouiMla of 
oxygen and nitrogen, neithec of tbein fittod for tbo purp(Kiw of 
vitality, of wliiob the following arc iiio most reniavkablo : ■— 

Kitroiis oxide, or the eolobratod hugliifig gns, wliiuli contains 
two volumes of nitrogen to one of osygoii, wouiil ptovo more 
dcslructive thnn nvcn puto oxygon, from tlio dcUvious iiitoxioa- 
lion nhioh it producps, 

Nitric osido in composed, according to Davy, of two volumes 
of nitrogon and two of oxygen. It is of so irritating a nature 
tliat the glottis coiilracfs spa-iiiiodically, when any attcm|>t is 
made to breatlie it; and tliu moment it cwapea into the air, it 
combines with more oxygon, and forms the deep red fumes of 
nitrous acid. 

Nitrons aeid, and tlin peroxide of nitrogen, each contains an 
additional propurlion of oxygeti, and they are still more dcsltuc- 
Uto to all organization. 

Nitrio aeid contains five volumes of oxygen united to two of 
nitrogen; and tlio well-known dostractivo proporlies of aqwa 
fortis it is unnecessary to dcseribe. 

Tlio atmosphere, and these eliemieaDy active compounds, con- 
tain the same olementa, but their mode of eombinitig is diflbrcnt ; 
and ivbat is, in tho one caso, poisonous to llio bigiiest doj^roo, is, 
ill the other, rendered salubrious and essenlial to all organized 
beings. 

Nitrogen gas may be rogarded in tho light of « diliiont to tho 
osygen. In its pure state it is only charaotorizcd by its noga- 
iivo properties. It will not burn, or act as a supporter of e«m- 
biKtion. Animals speedily pcri»li if conUned in itj but Ihoy dio 
latber throagb tbo abseneo of oxygon ilian from any iiOK=onoiw 
pi«]^rty of this gas. Tot, in oombiiialion, wo find nifrogen ex- 
hibiting powcM of a mast ens^etio character. In addition to 
tlto fulminating compounda, and the explosive substances iilrea<ly 
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ii uiui, 1 liitli II till 11^ (]io most reiinilnble m^!lltpe1 of unxUi- 
bli lilliuitj with whH.h wt, 110 ae<iHiimti>il, «o Imvo ilso the w«il- 
i inftii pungent body ammoma From the aiMlogoua nature of 
lliii \oljiilo compound, and tho fi\od iilkalio^ sodt and jwtash, 
it lias iniorrcd tiiat it mmt, like flscm, be an oxide of a inetelUo 
i)aso. Davy exposed atmnoiiia (o ttio action of potassium, and 
to tlio iniliienco of tlie voltaic flame proiliiood from 2.000 doubla 
plittijs, witlioiit iit a!l ohaiiging it eliatactOf. From Us sliglit Icii- 
ileiMty lo i;oiinl»iiia(ion, and froiu its beiiiR found aliundnntly in 
tlic orgrins of imiiiials foeJing on substances ttiat do not contain 
it, it is, liowevor, proLably a compound body, A pliononienon 
of an obsoiiro and nij'atorious cbavactor ia pivsoiitcd in the foiniu- 
tion of tlie "aniinoiiiaoal anialgain," as it is called. 

Morcnry, being mixed witli an ammoniaeul salt, is oxpoBcd to 
powerful galviuiie action ; and a compound, maintaining its wio- 
(allic appearance, but of eon sid era bio liRbtness and very porous, 
pic onts it%lf (^'') This pie[>aration lias boon t nc li.|l> i \ un 
inul by Daiy ItoraoluH and others Tt is alnais n liUidinti 
niuaonia and moicuiy, and altbon^li tbo httti tlitnnai i-. 
-Iroiigly molmpd to rLgii-d it as afloiding ovidciici, of tlio com 
pound nature of mtro^i-n — and he has, indttd piopos<d llio 
ninic«''/i "III fill lis ji J pol helical biso -jet to the j)io cnt 
ill II 11 Imm III ill littoi; o-vphnatiopi ot this Jnclalli/ilion it 

No attempt mil bo made to dtseribo tho various Glomcnliiy 
hiibsfancos which como under tho ohss of metallic bodies, laui h 
li ^toonulnonto tSioii combmationa Ihm of tli" motnl i 
ihu indtoppoi are found someinnes m i i i i J 

pmo , but f )i the most pari they exi 1 i i 

tiiiii intb o\jgon or sulphur — gold imi i i 
i\(cpiion 'llity aro ordinarily found iintiliimtl i itn nilin 
bodic as oxuli/iid carbon phosphonc Uilorme &q , bat Ibi o 
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eases are by tio mciins so common. Tlioao substances C»1M 
metals are gcneraUy fouud Gmbcdded in tho rocks, ov^cpo^tcd in 
fissorcs foimcd tbiongh thorn; but it is oiio of tlic great di»- 
covorios of modern science, tliat tSioso rooks f licinsQlvos iito met allio 
oxidcM. With metals, wo genetiiUy iiFROuifito tlio idea of great 
ilcnaity ; but [Kitnwium and sodium, tlio HictnlUc bases of potiiiJi 
and soda, arc liglitci' llian irafer, and tlicj, conBe<iiiOiitIy, float 
■upon dial fluid. ^Vo karn, tlioreforo, from llio loacnrehcs of 
science, tbat tlio erust of this envlh is composed entirely of indnts, 
combined itHli gasoons elements ; and llicre ia reason for believ- 
ing that one, or pevliaps tiro, of tlie gases wo liavo already 
nanic<l, aro also of a niotalHo cliaractor. Strange as it may 
appear, tbero is nothing, as nil 1 bo seen on a I lontivo considera- 
tion, irrational jn iliis idea. IWany of flio metals proper, undov 
the influence of such lioat as wo can, by ailificial means, command, 
aro dissipated in vatiour, and may bo mainfained in this stato 
perfectly invisible. Iiulecd, tho tvanB|iaront space above the 
surface of the mercury in the tube of a barometer, known aa tlio 
Torricellian vacuum, is filled with (ho I'apont' of mercury. Thoro 
is, therotbro, no reason why nitrogen, or oven hydrogen, ehonld 
not bo metaliio molecules kept by tho force of tho repulstivo 
powers of heat, or some other inDueneo, at a great distance from 
each other. 'Iho peculiar niaunor in which nitrogen unites with 
inorcury, and tho property which hydrogen possesses of combin- 
ing with antimony, ?,ino, arscnie, potax-uum, sodium, and possibly 
other metals, besides its «nion with sulphur and carbon, — in 
at! which cases there is no such chan^ of character as oecura 
when thoy oombino «ith osygen — appear to indicate bodies 
which, chemically, aro not very dts^milar to those ractalH them- 
selves, aUhough, physically, (hey have not tho most remote 
reMmblanco. 

"Wo know nolhing," stys D.ivy, "of Iho ivuo elements 
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boSongitig to iinture; but so far as wo enn tmsoa ftom tlisi 
relations of tlio properties of niatlor, hydrogen is tlio sul>staniso 
wliicU approacliBB oearest to wlitit the elements may ho aujuioBcd 
to bo. It haa onergctie powers of combiantioti, its patta nrc 
liighly ropukivu as lo each other, and attractive of the pavlicles 
of other matter ; it entora into combination in a quantity very 
mueh smaller than any other substance, and in Ihia rcapect it is 
approanhed by no known body."(''^') 

Many of the olemonla arc uoininon to the (bice kingdoms of 
nature ; niosl of those foimd in one condition of organization aro 
found in another. In the vegetable class vfo find carbon comhiu- 
iiig with oxygen, and hydrogen, and an inferior quantity of 
nitrogen. I'lio carbonates aro an abundant mineral class. 1'lioso 
elonjcnts, also, eonstituto the »ubsfanco of animals, tlio proper* 
(ion of niti-ogen being in them much larger. If ono clement, 
more than another, belongs especially to the animal eeonomy, it 
is phosphorus, although (his is not wanting in Iho vogolablo 
world; and it is not uncommon in the mineral. Sulpbtlr is 
common to the three classes ; it isahnndant in the mineral king- 
dom, being one of the products of volcanic action ; it is unitcil 
with (be metals, forming sulphurets ; it eombiitOH with the mefal- 
lio baEcs of limo and otliev earths, and k Ibtuid in our rocks in 
(lie state of sulphuric acid or oxidized sulphur. In the vegetable 
kingdom ivo discover sulphur in all plants of tho onion kind, in 
ilio mustard, and some others ; and it cnteis into the eontpoaition of 
vegetable albumen, and appears always combined with albumen, 
fibrine, and caserne in tbo animal economy. 

Chlorine is found most abundantly in combiuation witli sodium, 
as common salt : in this sfaie, in partieukr, «e may trace it 
from the depths of the earth, its waters, ami its roeksi, to tho 
plants a«d animals of the surfaeo. Iodine is most abundant in 
HiariHB plants; but it has been found in tho tninoral world. 
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Brnmino is known to ua as a |ii-oi.Uiet of eetfaiii nuVuwi wfdcm, 
and a few .s))eei(HCiia of natiH'ol brontulo of silver fiavu boeti 
oxamincil. Fhiorino, tbo base of tlio aeiil wliteli, conibtiiing willi 
liriio, forms ilaor-spar, Is founil to oxifit to some copisidorablo 
cstoiit in tliO bones of animals. It must not bo forgoiten that 
the earths enter into Iho coiiiposilion of tho moro KoUd pnrls of 
plants an<l animals. SiKca, or the eavth of flints, is met with 
in hcaulifol transparent crystals, in the depths of the mine ; in all 
rocks and boIIs wo find it ; in tho bark of many |ilaiits, pnitiott- 
Jarly tlio grasses, it is discovered, forming the hard supporting 
ciitiolo of tlio stalk of wheat, tho Dntcb rush, tho B^lga^eanO| tho 
bamboo, and many others. J.imo is one of llio prineipal eonati- 
tdonts of animal bono and shells, and it is found in nearly nil 
vegetables. 

It is thus tliat M-o find (lie samo elementary principle proKent- 
ing itself in every form of matter, under (lie most Protean 
sliapos. Numerous phenomena of even a moro striking eliarac- 
tor than those BcJectcd, nro exiiibitod in every dopartmont of 
choniislry ; but within the limits of this es.«ay it 19 impraeticable 
to speak of any beyond ihoso whiuli directly explain natural 
phenomena. 

Tho eliomical elements, wJiicli aeftially exist in naturii as am- 
pie bodies, aro jnobably but few. Most of tho known gases, 
and sulphur, phosphorus, and llio metals, are in all probability 
oompoundsof some ethereal uUimato principles; and with tlio 
advance of seienco wo may fairly hope to discover tho meatis of 
reducing some of them to a. yet moro sintj)!o sfafo. The spoeuk- 
lions of men, through all ages, lias'e leaned fowMi.'- fin- •]..■>., ;,: 
is shown by the theory of tito four eleine pits ol' : 
three of tho alchemists, and the reiined iipecisi in. .1- .,, a. «. „, 
and BMOOvielt, All oxporirnontal inquiry [Kiiiits t«wi»xls a simi- 
lar eonelusion. It is Iruo wo have no diiwjt evidence of any 
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Blemontary^ niom nefuilly undorgoing n oliango of aiate ; l>ut wliou 
wo regard tke variations piodufod by electrical influcnoo, and 
i^imider Iha phenomena of nltotropUm, it will bodifficult to come 
tn Hiiy otiior coiicluston, than that tho particles of matter known 
to us as ultimate are capaWo of change, and conaof|uenlly must 
be far rcinovcd from posltlveJy simple boiHos, since the real 
eiemontary atom, posacsaing fiKcd pi'Opoi'tioB, cnnnot bo supposed 
capable of ui)dorgoing any traiiHiinitntion. 

Tt will now be evident that in alt chemical plionomena wo 
have the coiiibiued exorcise of tho great physieal foreea, and 
evidences of some powers whioli are, aa yet, phrouded in tho 
mystery of our ignorance. The formation of minerals witliin (ho 
elofls of tho rooka, tho deoonipositiou of nuilallio lo'lcs, Iho 
gcrtnination of Ecods, the growth of tho plant, Iho development 
of it» frnit, and ita ultimate decay, tho aecret proccssca of ani' 
nial life, assimilation, digoGtiou, and ros piralion, and all tho 
changes of esteriial form which take plaeo avoiind us, are (he 
leault of the exeroiao of that prineiplo which wo call ebemieal. 

Jiy cboinical action plan(s tike from tho atntosphero iho 
elements of their growth ; those tliey yield to anirant», and from 
(lieso they are again j^lurncd to the air. Tho vioivless atmo- 
Kphoro is gradually formed into an orgaiiined being, which OB 
gradually is again resolved into tho thin air. '.I'he changes of 
tlio mineral world are of an analogous oharaeter ; but wo cannot 
(race tbem so clearly in all their phononicua. 

An ofcrnal round of chemical action is displayed in nature. 
J.ifo and death are but two phases of its inflitonces. Growth 
and decay aro e^iually tho result of ifs power, 
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TiiK inlliicnco of g 

force, iindor wlin y n 

RulTieiiiiitly rtticn « h 

Kvcry particle o ra d d 

agencies to wliic ^ b b 

(He iiifluoiicos of tho pliysical |to\¥cr«, fiomeliiiioa OKCi-ted ir» com- 
mon, but often witli a great piopoiiclcranco ill favour of one of 
tlicni. 0¥0i7 accuiiiulatc J heiip of mud or sand is slowly colief ipig, 
and assumiug tlio forui of a rook possfosaiiig Hcrtain di^iiiguiabiiig 
&nturos, as it regards hminatioii, oloavago, &c. 

'I'ho niinuto particles of matter are iicoosaarily but slightly 
lujtttonccd by the physical forces : tlieir action, in accordniioo 
with tho laws wMch detormino piiysteal comlifioii, !;( inanifosted 
in an exceedingly modittcd degree. Ent in all the operations of 
nature, wltat is doBciont in power is made np in lime, and iifleets 
are [srodiicod during myriads of ages, by powers far too weak to 
^ivo saiisfaetoiy results by any e^:]iari3nents wliiMb i«ight b« 
oxtondod oven over a conlury. 
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If, u'iili llio cjfi of a geologist, wo fnko li«t a (Cursory glaiicQ 
ovoi- tlio cai'tli, we sbaH discover fliat counlkm ages irnist liavo 
jiiii^seil during the progreBs of this plaiiot to lis present stiito. 
'I'fiis is n fact vfi-illeii by the Sngor of nattwe, tii unmJatakeabie 
elmiacteia. upon the mighty tablets of her mountains. 

'I'hc siippi'llml crust of the (.ftitli — }^ ivliiUi ii meant only 

II i( film . — comiHiicd with its dmneler — wtiuli is i-cpvcsonlcd 

I \ f V. nilcs Ml depth — i^i,on)|o=el of distinct nmienil masscB, 
\l I nuihai phjMtil condition ind i certain order of 

ll Jhc'-o locks appcii to hue icsidfed from two 

II 111 ll 1 I iiisfs , in tlio one Unss tho action ot licit is cvidciil, 
I 1 iiithootlid \io Imtan Kj^n cons origin mdnaled by pocu- 

t iidi s of foinialion 

lh(iQ-in,tcwbiiiidiisof Fciciice whuh ! -i. .nl ,W.,i, 

t tho cj.1ont to whiLti wc find it caiiioil n 

picnce ot (lin i^ shoivn in Die ]opnhi (!i i il 

W w I Mnliont nic made o\(,r a Itiuiltl .in. i.iLd cutam 
ill 111 li MiidilifHs iro s'certiiiRd anil it oiico t!iu mind, 
l!n.\ ll 1 nctiifcifho protonnd dcpllHof the mlb, and 

i^iiiatioii, hiiing aiiipk room and Migo enongli," ercntn 

I L-, by nhidi p^tij cETict is to U in(tr{)ic((d Sucli sin 
I ll" generally ignorant oi (ho fai-st pimei|ile^ of phjtioi, 

III «ing liltlo of nuiteinlogy siid loss ol ohcmi'fij, (o siiy 
il Hiino; of p dreontology, baimg noiio of the requisites fot an 
iib.tnci, boldly nsaumo premises wliicli nic untenable, and thiiiK 
they have explained a phenomenon, — given to t!io world u 
ti'iith, — wlicu tlicy have merely promulgated an nnKohstanliated 
S|>KeHlalion, ^liioli may havo oeeasional marks of ingcnwify, and 
but Hlllo else. 

Tlio carefully made observations of those who, with unwearying 
iiidnstry, liavo travelled liill a«d valley, marked and moasiirod 
tho various oliavaetcrs, tbieknossea, inolinationa, and positions of 
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rooks; iilio Ijavo wolrlied flic infliiEiicca s-t licit in eHanging, of 
watov in w&athig, and ttio lusulH of precipitatiOH in foiming 
strata ; who havo tiaccd tho meeliaiiienl offccts of eartliquaku 
stra^lingg and of volcanic etuptioiia, and, t'casoning fB)m an 
iininoii^o mass of acounHikteil feels, dcduocil certain goiicial 
CoiielHsioiis, — aroj lioffo\L'r, uf a [otatly diffoient oliaracter; 
and it ia such ob^ervorB a.i thoho who induced HcrMslirl to Bay 
Inily, lliat " geology, in tbo niagiutiulc and BuMiiiaily of llic 
objects of wliicli it treats, undoubtedly ranks, in llio ecnlo of tho 
soioncos, next to astrononiy."(^) 

Tho origin of this planet ia involved in great obscurity, wliicli 
tlio powers of tlio most gifted arc unable to pciiolrato It stands 
the wotlc of in Alniif,lily and 1 tetnnl mini tlio btgmniug of 
which wo cannot i,omprehend, noi can wo dibno the period of 
Ha termination 

It may probably bo fofc to speculate tliat thoro wisa timo 
when thi6 f,lobe eoiisi'^tcd of only one homogcnooiiB atradiiti 
Whether tilts renianii — wbetbtr in ont plutonic rodia our gran 
itcs, (four porplijriis wo ba\o any indications of the piimitiva 
stuto of the world or iihcthu inintorou^ changCi took plaeo 
bcforo i-vcn ow unsfraiiftcd ft mntsons had birth nio qnHionf 
wo cannot answer Tlie gculogiit I00I.8 back nito ibo \t !■* of 
liniD, and reckons by phonomn a tlto progicss of the wdld 3 
inwtalKnH Ibc htradfied foimatioiiB may have oconpipd tbmi 
sandaof ages, but before tliesc wore during a period pxtindiug 
oyer cowntlc-s thousands tho unstratificd rooks may \itno been 
variously nictimorpSK^ed Tt matters not irhotber ve admit 
tho nebular liypotbesia or not, a tnne must have been when all 
tliese bodies wbioli now form tiio mass of this gloho cxiitted in tho 
most simple state. We havo already sitonn that very remarka- 
ble eliangos in externa! character and in chotnieal roktiona are 
induced, in tho same siinpie el«ment, by its having Im'Cii exposed 
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lo pcoiilar and different coDdttions; nnd nlteady Iiavo wo specu- 
ktod on Uio [>robablHty that tho advance of seienue will enabk 
m to icdiK« tho numerous olemonts wo now reeltoii, to two or 
tliveo. It is, therefore, by no moans an iiTational thought to sup- 
Itm, tliat at tho beginning a niiglify niaB3 of matter, in the most 
iiltenualcd state, floated through space, and was gradually, iindDr 
Ihe influonco of gravitation, of cohesive force, and of cheniieal 
aggregation, moulded into the form of a sphere. Ascending to 
(he utmost refinement of phjaos, wo may Kupposo that this mass 
was one of nniform charaoter, and that it bcoaino hi dissimilar parta 
— i(3 surfaces and toward ita centre — diftcrently constituted, 
under tho intluonces of the same ]ioworH which we now fnid pro- 
ducing, out of tho Kinw body, charcoal and tho diamond, nnd 
creating the niuUiludinou* forms of organined ovealions. Theso 
conditions being established, and carried to an extent of which, 
as yet, Eoienee Ims afforded ua no evidence, ehcn)ical intermix- 
ture may have taken plaoo, and a now series of contpounils have 
boon formed, which, by again combining, gave rise to another 
and more complex class of bodies. 

The foundation of tlie superficial crust of tho earth appears 
to ho formed of a class of rooks whieli have resulted from tho 
iilnw cooling of an jmuionsc majts of healed matter. These rncksi 
have been called igneous ; but aro now more gepiorally termed 
f'h'lonic, (such as granites, syenites, &c.) Immediately ahovo 
those, wo Grid rocks which have rcsnltod by deposition from 
water. These masses, having been exposed to tlio action of tho 
huat below, liavo been considerably ehongeil iti their eharacter, 
and hence thoy are often ealM melamorpMe ; but meta- 
moriihic rocks may, however, bo of any ago. The rocks for- 
inorly termed the tmimtion fieri(s--from their forming Hie 
cnmiCtting link between the earlier formations — ere now, from 
the eireutnataneo of tlieir being fosMliferous, claKaed under the 
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^neral bvm of palreo/oio rooks, to OisEinguiBir tliO)ii fenii (Ih! 
Toeks lit wliieli no ovgniiio vemnins liave been fouiiil. Above them 
ate found tho Bocondary slfafii, mid, slill more rocently piiHlwc^d, 
wo bavo a class now usuBUydenoiniiiatcd tho tertiary foritiHtioiis. 
" Eternal as tlio hills" is a poetic OJipressioii, implying n long 
(turatioii ; but llieso must, from tlio naluro of tilings, oventually 
pass Rway. Tlio period of tlnio ucoossary for tlio disiiitogralion 
of a granite bill is- vastly beyond fho povfcrs of computation, 
nccoi-ding to our eonception of tlio ordinary bounds of finite 
tilings, But n considornlion of the results of a few ycnrs, -— 
under tlic iiiflueneo of the ntmosplici'C and tlie raiiiK, — as sliowii 
in quantity of solid matter carried off by tlio rivers, and deposited 
at tbeir mouths, will tend to carry conviction to every mind, tliat 
a degrading process is forever in action on tlio surface of tbo carlli. 
The earth itself may be eternal, Ijut tlio KUifaee is continually 
undergoing mutation, from various causes, iiiniiy of wbiolnve 
must briefly eo!isidcr.(^*) 

In rogardiBg geological plionomcnEi, tlio abseneo of any fossil 
remains lias ofleu been supposed to indicate a period previous to 
any organic formations, 'i'hat tlio inorganic constitueiita of mat- 
tor aro of prior origin to ibo organic eombinntions ia a specu- 
lation svhieh muet bo cautiously received. The snpjMSfied 
evidences in favour of such an assumption arc in some reB|Kiefa 
doubtful ; and we can well nnderstaiid that elianges may have 
boon induced in the earlier rock formations, by boat or by oUior 
poi¥er8, quite sufHeicnt to destroy nil traces of organized form». 
It was long thought that phtspliorio neid was not to lio detected 
in toeks which am regarded as of igneous origin j anil itince this 
acid is peculiarly a constitnent of organJo bodies, this haw been 
adduced m a proof tbat tho plutonio rocks imist have csistod pre- 
vioiisly to tho apjiearancs of vegetable or animal life upon the 
Burtaco of tho glol». The reeoarclies of modem chciiiistM huve, 
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}io«'over, kIiowii tliat ph^pliorio acid is Jo lio found in fm-ma- 
Horn of granitio origin, in porptiyry, basalt, mi hocnblondu 
i'(!oks.(^) tf, tberoforo, woaro to regard this subatanoe as of 
lirgaiiio origin, Ibo rational infotonco is Hgainat the specuIatJon. 

"iVithout !)tteiiipting to enter into nny account of tlie apparent 
]irooi(-.s of lift) over the cartii, it np|ie«Ts dcaiviiblo that Bomo 
lU'yciipHou .should bo given of tho kinds of plants and amnmlH 
ivliiuli ivo know to bavo csisfod at difforcnt cpoobs. Wo filinll 
"1 lit f ll p Ttg cbnrJictenslics of llio 

? ft better condition for 

y or (0 tlio osplanalion of 

w ?o remarkable forinB, tho 

b ncn, altliougli a very ro- 

d, like that animal, they 
li.id tlio power of lolbog fhonisolves into a ball wlion attacked by 
an oneniy. I'lio eye of tlic trilobKo is a most roinarkablo organ ; 
and ill that of owe spooies, Phacops caiidatus, not loss than tivo 
hundred and fifty lenses liavo been discovered. This romarka- 
ble optical instrament iiidicaUts that those eroaturoa lived under 
Rirnilar cendilions to ttioao wliioh Biirrouod tho orusfaoea of the 
present day. 

At tho period of the trilobitos of the Silmian roeks, ali tho 
animals eonfeinporaneous with them had tho organs necessary for 
the prosorvation of life in (he waters. 

Koxt in order of time to the trilobite, tho most singular animals 
iishabiting those aticiont seas, i?hoKe remains Imvo been preswrvcd, 
are tho Gephalopoda, p<^BJSfling somo traces of organs which 
belong to vortebrated animals. There are numerous arma f«r 
locofnotinn and prehension, arranged in a coii(»-o round the head, 
wjiieh is furnisfied with a pair of sharp, horny niandiWes, en!- 
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beildod in poworfiil musoloa, 'I'hcKO ptelicnsilo arms iiro pro- 
vided with a doubie row of saekers, by which tlio animal mhad 
its pt^y- Of theso cephalopoilons animals thcro iiru many 
varieti^, l»at all of thorn appeat to bo fitriiished witb powoi^ of 
rapid locomoiion, aiad thot^ vrith shells hnd ni) hjdiaulit; amiii^c- 
mont for siniing theinsolvos to any depth of tl*o seas in which, 
nilliout doubt, thoy reigned the tyranls. 

Passing hy wilhout nolico tlio numerous fi.^lios vcbieli appear 
to liavo exltibited u Hiniilar order of progreaslon to ttic other 
aiiiiiiala, wc must proceed to tho moro remarkablo period wlicii 
tlie dry limd first began to appear. 

All tho animals found in tho strata wo have mentioned, nvo 
such as would inhabit tho scaa ; but wo gradually arrive at dis- 
tinot evidence of tho seiwration of tho land from tho wafer, and 
tho " groon troo, yielding sood," prosenis itself to imr attention ; 
not that Ibo strata earlier tlian tins aro entirely destitute of any 
remains indicating yogotablo growth, but those they exhibit aro 
such as, in all probability, may lie referred to marine plants. 

I'lioso plants, however, which aro found in tho carboiiifcroua 
soiies aro most of them distinguishod by all Uio eharacloristios of 
thww which grow upon the land ; we, tbotofore, in the inuti- 
lalod reiuainsof vegetation loft «s in our coal-forniatlons, read tho 
history of our early world. 

Then tlio rcod-iiko calamito bowed its hollow and fragile sloins 
over Iho edges of tho lakes, tho tree-ferns grow lusnrianHy in 
the shollcr of fiio hills, and gave a wild beauty to tho humid 
valteys. The lepidodendrons spread them(,e!vc8 in mighty forests 
along the pkius, which tboy coverefl with their curious t-oiies; 
whilst tlio sigillarieo ostonded their inultlludtnotis branuhc», 
wn<athing liko serpenbi aoion^t the hixurtotis vegotalion, and 
Qrobraced, with thclv roofs (sfiguiariro), a raowt esfoiislvo spime &n 
every Bido.(^) 
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'IliP tew mil ]\l<iaof tlii^ pouod ahouiuli il uitli litiimu 
Piiiiiials iiL'irlj nliiod to tlio conl ^ntiniK, nbich aio now wi 
iiclnely cn^ged m tUo foinintion of islands in tho tropicRl anil 
Kiwtliorn scat During tlio nges shicli [wwd by wiHiouf inj 
itmatkablc disturbance of tlio snifatc of tlio cnttli ttiu hi icjj 
bniids of niouiitntn limestone wevo formed by tlio ceaselo^.-i HCtivify 
of thoKC niinuto oreliitecls. KnoviniloB (oioatures in koiho lusjii^t'ls 
resumWiiig Btar-fish) esistod in vast nninbcrs in (bo oceans of 
thiK tiino ; and tlio great variety of bivalve kIicIIk, niid tliORO of a 
spiral cliarnctor, diseovered in tlso rocks of fbia peinod, kUow tlio 
waters of tho nowcr palrcoxoio period to havo been instinct willi 
lifo. 

In tho world, then, as it does now, water acting on llio dry 
Lind proiiiiced roinavkallo eliangea, AVo havo ovidcnco of cxtoii- 
Kivo diKtvicIs ov<;r ivliioli the most luxuriant vegclation must have 
Mprcad for ages, — from tbo remains of plants in every slalo of 
decay, — ■which woflncl wont to form onv great coal-fiolds, 'I'heso, 
by some oliangos in the relative levels of land and water, hocnnio 
eovcred with this fluid ; and over this mass of decaying organic 
msif lor, sand and mud were for ages being deposited. At lengfb, 
listing above tho surface, it becomes covered with vegetation, 
which is, after a period, sHbmergcd ; the sanio deposition of sand 
and mud ugaiu tnkcs place, it is once nioro fitted for vegelablo 
gronlli, and Hitx.% cycle afler cycle, wo sco tbo dry land and tliu 
water changing places with each other. This wlill bo evident to 
every one who will eareftiHy eontouiplato a section of ono of tho 
coal-fields of Groat Britain. Wo find a stratum of coal lying 
npoii a bed of underclay, and above it an oxtoitsivo atralum of 
shale or sandstono, prolmbly formed by tho denudation of tlio 
neighboring bills ; and in this manner wo have many strata of 
coal, shale, clay, ironstone, and Bandsione alternating with each 
Dtlicr. 

AKJCnding in the sorlos, wo have now formations of a mora 
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reccut clmvaoter, in wbioh fishca of a higher order of organi^albii, 
orocping and iSjing eaurians, ofocodiles and ImtHs, (odoisuH, 
sor[ients, fliid frogs, aro found. Tlio Jtaa formadotis (a Imn 
cori'U[j(ad fi'om hyert), eonsisliiig of strata in which att argilla- 
ceous cliaracfor prcvaiU, Btand next in serios. In those we Iiavo 
animals I re<!ev¥ed ■ afo^'Utato of a iliatingimhingly different 
oliaracloi- t-a i\ oso of tl o for or slrala. Corals are not found 
in the Br t sh Isle^ 1 t o cot with ostcHdcd beds of i)eiila- 
crinites, no 1 s n tl okno s and ihoir rcnitiinH oio often so 

very coi [ !ctu tl I every part f the fikcletou can ba made out, 
although o CO plcatel ll t t cannot consist of losa than 
150,000 pirta In tl oso f ( o s wc often find the ourJoualy 
beautiful re ansofthoau o ( of which nu immense variety 
have hccn found. Of the holcmnilo'* — imimnls furnished with 
tho bhell and tl.o ink bag of tho ouKli. fish nitli which it darkened 
the witer to hide itsolf from cnoiniOB — numerous vnriolios have 
alw Utn disooieicd I)i addition to the o wo lind nnulili ; and 
sixty Hpeoiesof extinct fi«hes ln\o bi-fn described by Agassiz 
troiii tho hia of Lyme Eegis alono 

■\Vhcii thtso rocks were in the pingre's of fomialion, there 
e\htU tho ichthyosaiiius or h-=h li/ni'd nlitoli appears, in mntiy 
iL^puH t) havo resemble 1 tho oiorodiloof the Nile. It wad a 
predatory creature of enojniouB power and must have been the 
tyniit an I teiroi of tho aoacoa''ts which it inhabited. Its 
slligitoi like jaw- Us powerful lyo its fi'.h like fins, and tnrtle- 
Iikc paddlet weio ill formed to fioilitato its progve^ as a 
dectnictno agent The pksio-'aHrHs wa- if possible, a still more 
rt-innrkablo eieation To tho hi td of a h-ard was united an 
cnon luu-ly long nook a imaliaiid fish like bodj, and the tail of a 
ciOiodda, it appears formed for e^istmct, m shallow waters, so 
that, when moving at tho bottom, it could Ha its head aliove tho 
Huvface for air, or in seareh of its food. The flora of this period 
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jiiufit have hum tolorabiy exfoiiske : and it resembled Iho vcge- 
tiitioii wliicli esisis at prusciit in Iroiiical regions. 

JUaees of reptiles still bavo |)iaeo upon tlio earth, and wo hsva 
Jinw tlffi meg^lwaurain remains, iiidiealiiig a Btronglli and rapiicity 
whiiih wouW render thorn objeols of terror as well as astoiiisliinont. 
could thoy bo restored t tb U bioh they oiico ravaged. 

All enormous bat-liko o at Iw ted at Ibis lime — Ibo 
I>lorodactyl~wbiob,int! In g g t Cuvier, was, " undoubt- 
edly, Ibo most ostraord n y f llth I cinES of whoso former 
existence a knowledge g nt 1 t and (bat ivlilch, if scon 

alive, would i.ppoar it Ik ything that exists in the 
present world." " Vo ' f J ' finys the same writer, 

" an animal which, in all 1 t fl y trneture, from llio teeth 
lo the extremities of the nails, pre&onls Ibo well-known Kanriaii 
charaetorislies, and of which no one can doubt that its intogu- 
menta and soft parts, its ecaly armour and its organs of eirculation 
Hiid ropioduelioii, are likewir-o analogous. But it was, at tho 
Mmo lime, an animal provided with tho moans of flying ; ami, 
when stationary, its wings were probably folded back like those 
of a bird, altbough, perhaps, by (ho claws altaebcd to its fingers, 
it might su^iiond itself from tho branches of (rccs,"(*'^) 

From thcdistntegralion of tho older rocks have no doubt arisen 
lhi>!!0 formations whicii ate known as the oolitic sei'ios. In thetio 
i-lrsitft are pr<aer\'ed the remains of plants and animak more 
resembling thtKO which now exist upon the earth ; and, for tho 
fiva time, — unless tho evidence of the footsteps of birds on the 
new red sandstone of Ametiea bo accepted, -— we meet with 
tho remains of winged oreations. 

tn these formations we discover animals belonging to the claH 
Kiimimalia, — the amphitherium and the phascolotherittm, — 
which appear to have resembled, in many respects, Ui« marsupial 
animals of Xcw Holland, (^j 
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^Iio wcalden fornmlioiia, ishieli lire llio next in order of poaUion, 
aro a series of clnj-s and sands, with awbordiiiato beds of limcsloiio, 
grit, and slialo. 'I'Ueso- iiavo, in EOmo inatfinces, lieon fovweil in 
tlio sea ; but they may bo usually regarded as fresb-waler di!j)0- 
aits. All (lie older rocks bear evident marks of marine origin, 
nnloHs KOiiio of (lio coBl-moaKuro strata may be regarded as otlier- 
ivisc ; but nearly all tbo wealden scries contain tbo remains of 
land, fresh water, and estuary animalB, and of land vegctabloH. 
Tho animals ivliicb we discover, preserved, to lell tlio liisfoty of 
this period, aro mimorous, and bavo marked |ieeuliaritics to 
distinguish (lieni from llioso already described, or from any now 
existing on tbo earlb. We find land sanrians of a largo kind, 
and animals of all sines, even insects, of wliieh a great variety lira 
found in tbo wealds. Tho remarkable igiianodon was an animal 
wbieli, even by tho cautious measurement of Professor Owen, 
nnist liavo been at least Iwenty-cight feet long ; and (bia cnor- 
mouii creattim wassiiFpeetcd, by Cuvior, and has been proved by 
Owen, lo bavo been " an berbivorona saurian for terrestrial 
Hfe-''^^') Dr. Slanfell calenlales Ibat no less than seventy 
individuals of the ignanodon of all ages have como under bis 
notice ; and tho bonce of a vast nninbor of Otbers imist have been 
broken np by tho workmen in the few quarries of 'J'ilgato grit; m 
that tbcBU creatures wero by no means raro at Uio porioil of 
tboir Gsistenoe.C*^) 

Tbo uppermost of these secondary formations is tho crofacoouH 
or ebalk group, which spreads over a largo portion of Eonlh- 
castern Knglaud, and is ntet with in all parts of ]''nropo. Tins 
chalk, wliieh is a carbonate of lime, ap|icars to have been Klowly 
precipitated from tranquil watei', as, according to Sir Henry Bo 
la Boche, organic ronmins aro beantifully preserved in it. Bub- 
stances of no greater solidity than common sponges retain their 
foiiiirt, delicate slicllsronKiiu nnbrohim, iishovcn are frei^jiieiitly not 
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flatfoned, niiil altogctlior wo linvo tlio appearnnooa wliicli justify 
!!S ill coiiiilutliDg tliat., siiico tbo.so orgaitic esuviio woso entonibeil, 
tliey have been proteoted from pressure ty tho conaoMatioii nf 
(lie roek around thorn. (^) 

Beneath tho chalk exists what has boon called, from its colour 
— (lorivod from a silicalo of (ho proloxido of iron, — grcoii eniid, 
nnd was, no doubt, formed by deposition from tho samo water in 
wliicli llio carbonate of limo was BUSponde<l, — tho green sand 
fiiliing to tlio bottom more readily from its greater Bpeoifie gravity. 
'■ 'L'lie InmquiUity," observoa Sir Henry Do In Bcolio, " wliicli 
scctns to have prevailed during this great accunnilation of Bitideo- 
calcareous matter, whether it may liavo lioon a deposit fi-om water, 
in whieli it wan iiiechaiiicalty suspended, partly the work of 
living creatures, or in a great measure chemical, is very 
r enin rkaUe. " (*") 

hi the chalk, the remains of tho leaves of dicotyledonous 
]ilant8 and fragments of wood are found more abundantly than in 
the earlier strata, many of which are marked with tho perforations 
of marine worms, indicating that they had floated for somo time in 
(lie ocean, Xt should, however, bo remembered, that leaves have 
Isecii found in tho now rod sandstone ; and tho flora of the coal- 
formation must not bo forgotten. Tho manner in which silica 
has deposited iisolf on organic bodies — ^tho sponges — is 
curious ; tho whole of tho organized tissue being often removed, 
and flint having taken its plaeo. Tlieso flints abound in tho 
upper chalk. The association of carbon and silicon, combined 
with oxygen, as wo find thorn iu tho orolaceous formations, is 
iiiost intorosting, and naturally givoa rise to somo spoculation on 
the relation of those two olemonts. Both carbon and silicon, as 
h»H been already shown, exist in sovoral allotropio conditions ; 
and, although tho stateiucnts made by Dr. Brown relative to the 
II of carbon into silicon aro proved to bo grounded on 
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oxporimonSnl crroi', it is not ititjimliulilu tltat a vory intiniaCo 
roktiou may oxiit between tlicwa eleinenis. (^'^) TKo {jvolialiility 
ia, that the spongo ajimwl has tlie power of seeraliiij; A\\i!:i to 
^vo strength to its forai. " Many species," says Kyiiiui' Jones, 
pponkiitg of reeeiit sjionges, " cxhihiting Uio siiiiic jtorous struc- 
ture, liavo none of tlio claiiticity of tho oflioinal B|)oiigc — a 
circuinatnnoo which ia duo fo Iho iliffoionQO obEorvnblc in tho 
composition of llioiv skeletons or rnniiSctl fraiiiowoik. In biicIi, 
tlie living crust forms witliin its substanco ml only feniioious 
biimJs of animal inBtlcr, but great q\ianli[ics of crystal lined 
sj)ioula, eoniotimcs of a calcareous, at olliers of a silioaouM, 
iiatovc." Tliua, a framo of siliceous nialtcr being forniud by tho 
living animal, a ttcpcsitiou of the sauio substance is continuod 
oiler death. 

Sea-urchins, and star-fish, and ininiorous fossil sIioHb, are 
found iu those beds, which, however, dilfer materially from tho 
remains of tho same animals found in tbe earlier formations. A 
vast number of new species and genera of fish aro also discovered 
in tho chalk. 

Nearly all the animals and plants which existed up to this 
poriod arc now estluct, allhougli tlioy have some iinporfeet 
roprosenlatives at tho present day. 

TIiQ uppermost group, which has been called tho supercro- 
taceous or tertiary formations, appears in our island lo liavo 
boon formed during four great, eras, aa wo find fresh-water 
doj)osifc3 altornating with marine ones. Tho terms eoeme, which 
is tho first or oldest deposit ; miocene, wliiob ia tho seennd ; 
pliocem, wbieh ia tho third ; and tho micfr p'''-rr,„ , r.-'iii't '< : 
the fourth and last, have been appliofl lo [In ■ . i r 
iiamea rctorring to the rospectlvo proporiion.^ -i ..i 

found among their fossil shells. ("") 

All iimso formations show distinct ovidenee of tbeir haviiig 
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1m!i dipMiMl l]ii)i\ ■■till 01 slowly-flowing (loop Wat ert!. Tliiw 
f\' Luii iii- jjijiirtia 111 tha I'aiis basin, foi'ineil duiirly at iiii 
I -tinry, in wliieh sro niinglod some intercsfing fiesli- water 
(K |. .sils , ill ttio laciietrinp foiniatjona in Aavcrgiio ; also nt Aix ; 
(Nil ill the iwilh of Itnlj It appears probaljlo that, in tlic 
lllllIlntlOl^^ gcneully tciintd ooteno, Ijoili ffCfili-wntev nnd iimvino 
[klifiMlH littvo licen conroiiiitlcd, and sevcriil ftiiinntions of widely 
iliflnint iiH regarded as the icsult of one. AVe havo not yet 

1 n n i 1 lad iiith any distinct and clear evidenee to kIiow tlmt 

l]ii (U]"i«ih ol (lie Pans bnsm, ind those of Auvergno, arc of Iho 
' line .igc At all e\cnt% it is hufTicient for onr present piirpoec 
(n know tliiit flioj iio the icsiilt of tcliony wliuii aio now as 
^ I till as tlicy nGio mIioh tlio [hstii, claj of Pans and its 
iil|iliite of ImiL <i t!io ] melon diy were bIowIj deposited 

\-i n gcnoral conclusion iic nnj dcculo lliat it (lie occono 
[Oiiod e\iMiii„ (ontmcnts wlvg the eiks rf in"t lakes, iivcn 

il e^tuuitf and licrt inliabiltd by qii idrujKds ^lucli lived 
lip n III 11 (bitklj woodel margins '^lanj romitns nlliod to 
t! ot lilt liippopofnin 1 ba\e I eeu fmni in tlip id idtni i 
of tins period. 

>lxain|.les of the muj-.m. m imildh- (Li-ti;ii-y .'ki an- (o \:- 
fnund in Western Franco, uvci' llio ivliolu ufihc gu'^l valloy ^f 
fwitnorlatid, and tlio valley of (lie Danube. in tliesc dc^osilsi 
wo liud tlio bones of the rliinocoroa, elephant, Inpiiopofannis, and 
(!io (Hnotliorhiin, an cstinot animal, possessing many very dis- 
tinguisliing foalures.(^) 

The plioceno |ieriod has boon termed (he ago of elepliants, and 
i:^ most retiiarkablo for the great n}(istodon!< and gigaiilie elks, 
ivith other animals not very utiliko IUimm! wbieb aro conlcniiiO' 
luneows with man. 

fn the Kuiierfteial strticturo of tbo earth, the diltivlinn, 
alluviiiin, peut and vegelablo aoil, we liavo « cynilniiiiluHj of the 



h, Google 



264 supi^iificut ?c>i;mationk. 

!iistory of tlio inountftins of (lio cai-fli and of its iiiliiibUanfs, 
wiiieh has hem so briefly skelclit'd. 'i'lioy bring m up to Uio 
IJoriod wlion man appeared in tlio world, BJnco w!ii»0 creation it 
is evidoiit no very extensive clinitgo has been produced upon tJio 
Kiii-fiico. Wo liavo viewed the phenomena of cacTi grout epoch, 
mailicci as they nro by new eiention8 of organizoiJ beiiigN, nad it 
ivould appear ns if, tliroiigb tlio whole scries, from tho primary 
roclis up to the loodom nl]u\ial de|iosits, a progreiwive improve- 
ment of (ho eailh's hiirfato had been eflcttcd, to lit it at last 
for the abode of (lio hunian race. 

1'lms hm'o wo pri'servcd fur \ia, in a natural manner, evidcncea 
wliiel), if wo read them aright, must convinco m that llio laws 
by wliich crcntiou has ever boon regulated aro as conKtant 
and unvarying as the Eternal mind by whioh they wcro decreed. 
Our earth, wo find, by tho records preserved in the foundatlon- 
BtOMCs of her mountains, has existed through countless ages, and 
through them all oxhibitod Iho sanio active energies that proyail 
at the presont moment. By precisely similar infiueneea to thoso 
now iu operation, havo roeks been tWtuod, wbieli, under like 
agencies, have been covered with vegetation, and xported over 
hy, to ua, strango varieties of animal lifo. Every plant Uiat has 
grown u[K>n tho earliest rocks which presented their faces to tho 
lifo-giving Bun, has had ita influence on the subsequent changOK 
of our plauet. Each trilobito, each Haurian, and every one of 
tho mammalia which exist in Iho fossil atato, havo been small 
laboratories in which tho great work of eternal change has boon 
carried forward, and, under tho cotnpHtsiou of the strong laws of 
creation, thoy havo been made ministers to tho great end of 
forming a world which might I« fitting for the prcsonoe of a 
eroatnro endued with a spark taken from the eel^al flame 
of iiitellectual life. 

For a fewniumcnfiwo will n-lurii iu iitwmileration of tho 
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apoKitions at prcsoiit csliibiting their ])liuiiomcna, and fixiimino 
vAml beiiting llioy have iipoii our kfioivlcdgo of geologi.ml 
furidatioiis. 

During porioilM of iinmoiise, but yiilinown, duration, the 0(«;aii 
and tliG dry land are Koon to Imvo eliangei! fheir \>\a.ecs. Enor- 
iiioiiH <lo])osit3, formed at (lio bottom of ttio s«a, nro liffcd hy fioine 
iiicoliaiiical, probatjly volcanic, force above llio ivaloi's. iiiul \lic 
land, like Hie ocean surrounding it, focins witli life. Tills slalo 
of tilings lasts for ages; bnt the tiino arrives when Hio oeeau 
again Hoods tlio land, and r now state of things, over a particu- 
lar dififrict, has a beginning. 

It must not 1)0 imagined tliat the changes which wo have 
Bpoken of, as if they were the rosuK of slow deeay and grndiinl 
deposit, were oft'ected witliout occai-ional violent convulaioiia. 
jMaiiy of tlie stiata whioh were ovidonfly deposited at tho bottom 
of tlio Boa, and, of eoiirse, as lioii/ontal h^K, aio iioi\ found 
nearly vertical, Wo have evidence of ph i^ ■ i " n ■ > ' i ' - 
nfis having been subjected to forces that h. i I i ,\ 

(•■lied them in a most remaikabic nsanner. M . i ] 1 j 1;, 
many tbou^and feet deep, aio fioijuently bunt and i'lautuieil 
ihriiughout their whole extent. Mountaina have boon upheaved 
by intoriial force, and innnenso disfriets have suddenly sunk far 
helow Ihoir ui^ual level. Jiy tho espansivo foree of iliat ti>i«]|)cr- 
atnro which must ho re(|iiircd to iselt basaltio aiul trap initk^, thu 
whole of tho suporfieial crust of a country has hccii heaved lo a 
great height, immonso fissares have been formed by tho breaking 
of tho imms, and tho melted jnattet has beefi forced through the 
opening, arsil ovevflowod ostonsivo districts, or volcanoea have 
been formed, and «ido areas have been buried wndor iho ashes 
ejected from them. "With tho cause of those convulsions we are, 
at present, tinacqnalntcd. 

Wo tave evidence of t!io exloiit (o whiyh tlicso foites may be 
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oserteS, in Hio catastroplies wliiclt liavo ocoHrrod within fiistoripal 
times, and wbieli liavo happened even in our own dny. Hercu- 
laneuDi tiiul Ponij>oii, i>uvied untlci- llie lava and ashes of Vesu- 
vius, in nil hour when the inhabitants of these cities were unpro- 
porcd for such a fcarfa! visilalioii, — tho frightful eavlln^uiikes 
■which have, from (Jnie to fimo, oeouired in South Amerfca, •— 
am cvidoiiccs of the existence of hidden foicoH wliioh nhnlia Iho 
firm-sot em 111 Similar riTiiginj; eitaalropliOB may haco often 
ooenrrcd, nnd, imoUing ealaclj'tmfi, swept the '.mfaco to produce 
Ihn ehnngciwo dctei-t our o\oiy jyirt of tho eailh compared 
ivith which tho ciilhqmkct and flood') of hi^toiy aio but triviiil 
thingH. Lvid<,ii(,e h-is been addtiLcd to t-how tint th( mounlaitiK 
of tho Old World ivny Inio appioithed in hciijht tho highest of 
the Andes or Iliinnkyas, and Ihcc hno not been dcslrojcd by 
any Nudden cfti.ct but by the slow disintegrating action of tho 
olemenls C^) All thoso phenomena arc now in piogress: tho 
windB and tho loiiis wen the f icp'' of tho p\po=cd rack ; tholir 
rfefois, mixed Aith deenjed ycjifiible and animal nialler, are 
washed oil from the '-urfice, and 1 orne b«ij by the rivcrfi, to he 
dcpMited by Iho sej'i, — thm it it thit tho gient delta nf tho 
Ganges is formed, end tint a contimi il iiiuca-o of matter i» 
going on along the t-ides iwl it the moutln of n\ni 'J'lio Am- 
BWin, the ftlisiissippi, and other great ri\ci8, hear into the ocean, 
daily, thousands of tons of matter from the surface of the earth. (™*) 
Tliis is, of ooMffie, deposited at tho bottom of the eea, and it 
must, in tho pi-ocess of lime, alter tho rolativo levels of tho ocean 
and tho land. Islands have been lifted by Toleanio power from 
the bottom of the sea, and many dt'lritis in South Amerjea hnvu 
'heen depressed by tho Bame cau-es 

Cliangos as estenKivo hava been, in all probability, effeeted by 
forces "e({«aliy or more powerful, lint xhng with 1ms irregu- 
larity, and po db(ilvibuicd o\li (ittie i. to piuduee none isf thusi! 
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inlotrogimiMs of cliaotio anavoby which wo tiro apt to tliink ([ler- 
li:ij>s eriwioousiy) gi'oai disfigure men is at iiii onloi* eo beautiful 
;mil barmoiiious as titat of iialuco."(^'") 'J^lie») fbmes are, with- 
out doubt, oven now iit aetioii. 

Had it not l>eeti for tlteso convtilsi^e disturbances of tlic swr- 
face, tho oarth ivoiiid liavo pieseiitoil an almost uniform plain, 
ami it would have been ill adapted foi' flio abode of man. 'i'lio 
liills raised by Ibo disturbances of nature, and llio valleys worn 
by ibo Rtortiis of agcM, mliiislcv especially to liiH wunl.i, and nlTord 
liim tlie nicaiiH of cnjoyiaotit wliicli ho could not po»^oss liad tho 
Kurfaeo been otlierwiso forniod, Tlio "iced mounfain-tops," 
i^midensing tlio clonds which pass over fhom. Bond down hcaltU- 
fiil slreanm to the valleys, and supply Iho springs of tho earth, 
fliusKecuringtlio fertility and salubrity of lands far distant. The 
severities of climate aro mitigated by these eoiiditions, and both 
tliQ people of tho tropics and those dwelling near the polca are 
cr[uaUy bene^led by thctn. 

Oravilation, cohesion, chemical forcu, heat, and elei^trictly mugf , 
from that hypothotical tinio when tho oarih floated a cloud of 
nebulous vapour, in a state of gradual condonsaliou up to tho 
present moment, have been csoraising their powers, and rego- 
laliiig the nmfatioiis of matter, 

\Vhen tho dry land was beneath tho wafara, and when dark- 
nos^s tiA» upon the face of tho deep, the saeno great operations as 
thoBo wiiich are now in progress in the depths of tho Atlantic, or 
in the still waters of our inland lakes, were in full activity. At 
length the dry land appears; and — mystery of mysteries — it 
soon beeomoa redolent of life in all the forsas of vegetable and 
auioial Iffiauty, under tho aspect of the beams of a glorions nam. 

Geology teaches us to ragard our position upon the earth m 
one far in ^vaneo of all former creations. It bids as look back 
through tho enormous vLsta of tiniO, and see, shining still in tho 
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lomotest ilislaiiee, tlic liftht ivliiuli expoMys fo ohf vision many of 
rmtuve's holy woiulcis, 'I'ho clciiicntM wltieli now make up tliis 
Blrangely beautiful fftbrio of musclo, nerves, unil bono, have 
passed tlirough many oidcak, ero yet it liccamo fasliienci] to liold 
tlio huuinii somI. No giain of niaUcr lias boon added (o tho 
planet, since il was ivoigUed ju a lalauco, and poisi'd with other 
worlds. No grain of niattor can bo removed from it, 

Under tlie forces wo liiive boon considering, iicling as co many 
conlciiding armies, matter pasEca from ono eoiididon to anollier, 
and what is now a living and a brealliing crcaliiro, or a dclieato 
and Bwcotly-Koentcd flower, lias been n poilion of (ho amorplious 
mass which oneo lay in the daikncss of the deijp ocean, and it 
will again, hi tho progrcps of time, pat's into that condition 
where no evitlDneos of organisation can bo foimd, — iigain, per- 
liniis, to ariso clothed with mure exalted powois than even man 
enjoys. 

AVheu man places himself in contiabt with tlia Intolligencos 
beyond liim, ho feels his wcahnp^s ; and Iho extent of power 
which ho can dif.covcr at work, guiilod by a mysteriooK law, is 
fiueh. that he is dwarfed by its immensity. But looking on tlio 
past, surveying tho progrCES of matter through the inorganic 
forms np lo llio higliCF organiwitions, uniii at length man alamlw 
revealed as tho chief flgtuc in iho foreground of (ho picture, tho 
monarch of a world on which such elaborato caro has been bo- 
jitowed, and tho absoluto nder of all things around him, ha risos 
like a giant in tho cotBicious strength of his far-searching mind. 
That 60 great, so noblo a being should suffer himself to he de- 
graded by tho fiensuBliticB of life to a level with the ereeping 
things, upon which he has tho power to tread, is a lamentable 
sjl^ctaele, 07cr which angoJs imist weep. 

Thft cMvioaa connection Iffiiwoen tho superstitions of raeus, the 
traditiouaiy tales of remolo tribes, and (ho dovelopnienls of the 
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Initlis of ficioiitse, aro oilon of a very inarkeil characfct, and they 
cannot but bo vegardod as instruct ivo. In tUo wonders of " oldeu 
(iino " Gctioti has evev ^cltgliied ; and « ihousanA piatures have 
been produced of & [joriod when beings lived and litcatUcd upon 
thii earth wliioh have no oxistcnco now. 

Hydras, linrpies, and Bca-nioiistors figure in tJio mytlis of 
imiiijiiity. In tho mylliology of the northern races of Kuropo 
wo imvo flcry-fljing dragons, and pootry li»s [jlaced (heso as tlio 
f;iiardian3 of tho "hoarded Bpirit,"and protectors of tho cn- 
olianlod gold. 

I'lirough the whole of tho romance [xsrioil of ISuropean litem- 
(ure, notliing figures but serpents, " white and i-ed," (oiling and 
lighting under ground, — thus producing einthfl[unkcs, as in tlio 
slory of Merlin and tbc building of Stonehcngo ; — 'and flying 
iiioiisters, griflins and othcra, which now live only in tho mcan- 
ingloss einbeilishtncut-1 of heraldry, Curious it is, loo, to fiad tlio 
ha mo class of ideas prevailing in tho Hast; — tho monster diagons 
of tho Chinese, blazoned on tUeir standards and ornamenting tiioir 
Iciiipics; — the Buddaicai superstition that tho world is Bup- 
ported on avast elephant, whieli stands on tho backof a tortoise, 
which again rests on a aerpont, whose niovotiienls produce 
eHTtl!ii|u«ke8 and violent convulsions ; — fho rude decorations 
also of the tcroples of tho AkIccs, wbieli have boon so reeoiitly 
restored to our knowledge by llio adventurous travellers of Cen- 
tral America, — ail give expression to tho same inyttiologieal 

Do not all these indicate a faint and shadowy knowledge of a 
jircvious state of organic existoneot Tho process of conunuiiion 
between man of the present, and the erestions of a former world, 
wo know not ; it is mysterious, and forever lost to iia. Bwt 
pvon the most ignorant and unoultivated races of mankind have 
figured for themajlvos the images of creatures whicit, whilst 
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tliey do roaiij bear eonio resotnWaiioy to tilings wbiuli liRvo for- 
ever pissotl away, do not, iu tlie remotest <tegrce, jmitnko of 
any of the peouliarities of oxbting ctcalsoits. 

The ielitbyosnurus, ond tho picsioEaunis, and ilio plevodactjlus, ' 
are presen-ed in tho rude itnnges of hnrpies, of dritgonK, and of 
gril^ns ; nnci, nltlioiigh tlio idea of an elephant ^landing on the 
back of a toitoiso was ofton laughed nt as an absurdity, Oaptain 
Cautley and Dr. yaiconer at longtit discovered in tho hills of 
Asia tlio remains of a toitoiEo in a fossil Bfato of siieli u mc that 
nn elephant could easily have pcifoimod llio feBl.,("') 

Of the ammonites, wo have moro exact evidenco ; they wero 
observed by our forefathers, and called by tlieiii siiuko-sfoiiDS ; 
and aecovding lo tho legends of Catholic Enints they were coil* 
fvideiod l>y Ihoiii as possessing a sacred character; — 

" Of llicso fliid snultca, each one 
^Vas cha!ig<rt into a coil of stono 
Wlicn hoi)' Hiidit ptnycd," 

And in addition to this petvifyltig process, one of decapitation 
is said to iiavc been effected ; honeo tho reason why these snake- 
stones havo no heads. 

Vi'e also find, Iti the novthorn disiriots of our island, thai tho 
name of " St. Cullibert's beads " in applied to the fossil remains 
of Gheiinites. 

Thua wo Icavn that to a groat extent fiction is dependent upon 
truth for its croalions ; and wo sec thai when wo coma to inves- 
tigato any wido-sproad popular sui)ors(itIon, although much 
distorted by the medium of en-or through which it has pa^cd, 
it is freijuently fonndod upon some fragmentary troth, Thero 
aro floating in the minds of men certain ideas vihiali aro not tho 
result of any associations drasFn from things around ( wo reckon 
them amon^l iha mysteries of owr being. May titey not he the 
truths of a former world, of whieh wo receive tho dim oulshad- 
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Oiviiij; ii! llie iireseiit, Hko tho faint liglils of a ilUliint Phatos, 
seen llirougli tliO m'ssta of tho wide ocean? 

Maa treads upon tlio wreck of antiqwity. In tiMOs whieli arc 
BO long jMist, that the years bctweoit tliom cannot be tninibered 
by tho aids of ouf Beicnco, geology teiicliesi «s that fovms of life 
oxifited perfectly fitted for Iho conditions of tlio period, ThoHO 
porforincd their oilioes in tho great work ; they passed away, 
and others succeeded to carry on tho procefs of building a world 
for (iHiii. 'I'iio |)ast pleaches to tho present, and from its niav- 
vclions discourses ivo vcnturo to infer something of tlie yot 
unveiled fnfurc. Tlie forces which have worked still labour: 
tho pbenomena ivliich they have produced will bo repealed. 

A;;c-^ on nijCi slovrly paaa avmy, 

'flip [jlntil wliicli decks tlio mountain wllli ilsliloom, 

t'iHJs ill the caith, ore long, a naating loixib ; 

And man — tho g'eatf the genwouB, nnd tlio btRvo ~ 

Seeks ill the soil, at latt, a'silcnt grave. 

The choeen Ulmura of hU teeming inind 

Fade with Iho light, and CEunible with tliGiiinil; 

And e'ea the hiiis, whoso tops appear to ehroud 

ThBicHianilopeakBdeepin the vapoury cloud, 

Melt slowly down to fill th' esteniled plains, 

I'rora tha lude nrccka of luttlleE still reveal 
Fotms af cseelling beauty — catlh will eIso 
Purs a» tho flame tirna love's ovFii sanliico. 
And, beaming with the brightest Binite of yoiitli, 
Proclaim mstatlon as tho eternal tiiitli. 
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niENOMENA OF VKGETAllLE LIFK. 

PsycholOBy of Flowers — rrogress of Malice towards Organisation — 
Vital Force — Spontaneous GciierKtion — Tho Veet'^lilo Coll — Sim- 
pleat Development of Organiialion — Tho Crystal onil t!ho Ctll™ 
Friiiillivo Germ — Progress of VcKctatloii — Iiitlucnto of Ijight — 
Moiphologjf — GciminHtion — I'roiluction of Woody Fibto —l-cavca 
— Clilotoplijllc — DccoinpoBilioii of CntLoiiic Aelil — Infiutneo of 
light, Heat, and AeliniBm on tho I'lioiiomoiia of VcgctoWo Lifo — 

tho Seasons — Jllsltiliulion of riaiila— Jilcctvkal and Combiiicil 
Physical Powers, 

TuR variety of bciititiful furms wliii;!i ciivov llie Kiufaee of this 
Bplicro BCrvc, beyond llio pliysipal purposes to wliicli wo liavo 
already alluded, to influence tho mind, and give cliaractcr to llio 
inbabitiXHla of every locality, Thcro ovo men wlio a|i[icar to bo 
dead to Iho inild influcticos of flowers ; >iwt (licpc Bweet lilossoitiH 
— Ibc Mara of our enttli ^ — -exert a power as rtilftisivo as llioir 
pervading odours. 

3'iiG jioot (ells us of a man to whom 

A yellow primrow una (o l\im, 

But it was sonietliing more. He, perliajis, ailtitidcil not to tho 
eloquent leaebing of its pure, pale leaves: he might not have 
been con^ious of tbo myrfetioua singing of Oiat lowly flower : 
bo might, j»erclianea, have crushed it beiicatli his rude loot rather 
than quaff tlio draught of wisdom wbieh it secreted in its eell; 
but the flower still niitiistercd to tliat iticro sensualist, and in it^ 
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f-li'fliine, ioiigiielcss mannor, reproved liis passions, and kept liini 
" n vi'mr and a bolter man," than if it liiid pleased Uod to have 
loft the world without tbe lovely primrose. 

The ^ychology of flowers lias found many sttidoiits — tluiii 
wlioni not one read Ihoni more deeply tlian that mild spirit who 
sang of (ho Sensifivo Pknl.and in wondi'uiiHiniiRio foicshadowe<l 
his own melancholy fato.(™) That martyr to Kensibility. Keats, 
who longed to feel tlio flowers growing above liini, drew Hie 
iilrong iiispiralion of his volant muse from those delicate crea- 
tions which cxhiliit the i>assago of iiiorganio matter into lifo ; otid 
other pools will liavo their sensilii lilies awakonod by llio losthoticH 
of flowera, and find a mirror of trnth in tlie crystal dew-drop 
wliicli clings so lovingly to the purple violet. 

If we osamine oarofuDy all the conditions of inatlor which wo 
liave Miado the Bubjool of onr studios, wo cannot but perceive 
liow gradual is the progress of the involved action of the phyfii> 
cal forces, as wo advance from tho molecule — the mere partielo 
of matter — up to the organic combination. At flrst, wo detect 
only tho action of cohesion in forming tho iiido mass; then wo 
iiave the infhicneo of the erysfallogcuic powers giving a romark- 
ablo regularity to bodies ; wo next discover tlie influences of heat 
and electrical foreo in detcrntining condition, and of chemical 
iiotion as controlled by them. Yet, still, wo have a body without 
oi-ganiwilion. Light exerts its mysfotious powers; and tho same 
elements mnuma an organined form; and, hi addition to tho 
recognized agencies, wo porooivo others on which vitality ovidont" 
ly do]«ndg. I'heso empyreal influences hcoomo more ami wore 
complicated to us; amending in tho scale, tlioy rise beyond our 
Kcienee; and, at lengtii, wo find them guiding Iho powen; of 
infelligenco, while instinct and reason are exhibited in immediate 
dependence upon them. 

Let it not bo imagined tliat tlils view has any fcndeney to 
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smtoiialnm Tlio \ilU 01 01^ is legarlee! as a sprntaalizatiuii, 
aiil rea'on as a dmno emntion , kit lliejr nra eonne(il«d with 
») iterialiUcs on \tiiieli liioy net and by wMeli lltoy arc Ihoin- 
wjhes controlled Tho Oiganio coniijmnliotia, and tiio pliysMial 
l>o%orft by wincb these unnnsof ntitter aco cftcctcd nud rctaiiKMl, 
liavo 1 diicct action o\tr Hint clhcrnalily which givoa life, and 
tlo ]cucra of hfo n^nin conliol these mora iiintoml forcoN. 
'Jho fcpiril m wlatoioi stnto wlicn connected with matter, is 
like Prometheus elinined to Ins rook, in a coiislaiit slvngglo lo 
e»;a|)o frani iiis shackles, and assert tho full [Ktwei* of its divitio 
(Strength. 

Wo have Keen variety enough in tlio KnhKfaiices wliioh make up 
tlio inorganic part of creation ; but infinitely more varied aro the 
fonnsof organiaition. In tlio vegclablo world which is innno- 
dialcly around us, from the gi'cen sliiiio of our marslies to iho 
krfrous flowcre of our gardens and the lordly trees of our forests, 
what an ostraordinary diversity of form is apparent i From the 
infufwiia of an hour, to tho gigantio eleptiant roaniiiig in hia 
groatnc^ in tho forests of Siain — tlio noblo lion of tlio Raves of 
Senegal — tho mighty condor of tho Andes — and onward to 
man, the nionarch of them ail. how vast ai'o tho difibroncos, and 
yot how complete are they in their conditions ! In tho eroation 
wo have examined, we have had eonclusivo ovidenco, that from 
tSio cDnd>inafion of atoms ovory peonliar form has been produced. 
Ill the creation wo are almut to ejtamino, wo shall discover that 
all tho immonsQ diversity of foipu, of colour, and condition which 
is spread over tho world in the vogetabk and animal kingdoms, 
results from tho combination of colls. The atom of inorganic 
nature becomes a coll tn organic creation. This celt must bo 
regained as the compound radical of the ehcmist, and by decom- 
piling it, wo dcriroy the OKSontial clement of oigaiititution. 

"With tho mysterkraa process by which tho atom is cowvortod 
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iiito a ri'll, or ii oomponiiil railieal, we ore uniiO'jiiaintHd ; but wo 
msisl i-cgard llio coll os lloo organic atom. It ia iri vain that 
liio clioniist or tiio pbyBiologist attompta to oxninine this change 
of flio inorganic eleaieiiis to an organized state ; it is one of tlio 
siiystcrica of creation, which is to bo, in all jirobability, hid from 
nur eyes, until this " mortal coil " h shaken off, and we enjoy 
the full powers of intelligence in our immortal slate. 

Again and again has tho attention of men been adrneted to 
llie ijenerallo aquivoca ; tliey lia^'c somelinioa tbougbt they liavo 
(lisfioverod & geiieratio primiU'va or sponlanea; but n more care- 
ful oxaniinatlon of tlioso organiams lias shown that an embryo 
o.vistcil — a real gcrniination has taken place. 

(Jount KHnifonI(*^*) staled that threads of Bilk and wool 
liail tho power of ileooniposing carbonic acid in water in llio snn- 
shino ; niul lienco, some linvo referred organiiialioii to a mero 
cJiuNiical elitmgo produced by luminous esciialion ; and we have 
heanl of animal lifo rosulling from pounded siliceous matter. All 
such statements must bo regarded as evidcncca of imperfect in- 
vestigation. 

Dr. Cams, alluding to the espcrimcnls of Oruitbuisen, I'riest- 
ley, and IngonhouRK,(***) says: " These slmw. uiflro fban any 
lilliev ex|ierinieiits, that, in llio purest water, under the iiifluenoo 
of air, light, and heat, beings are formed, which, oscillating na it 
w-oro between the animal and tho plant, exhibit tho primitive 
germs of both kingdoms. "('") 'rrcviranus("') repeated, and 
appeared to confirm these rcsult.i ; but in these experiments wo 
have no evidence that tho gorm did not previously exist In the 
spring-water which was employed. 

Some liavo i«ga«led tho cell as a eryslal ; they sea tho crystal 
forming, by Ihc aeeumulation of atoms, into a flsed form, under 
the influence of an "inner life;" and, advancing but a stop, 
they vogaid tlie t^l ea tho result of an inotcascd exercise of tbo 
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physical innHeiice».(-''') We liavo rcfeiroil crysfeUiiio form to 
ccrtiim magnetic oondilioiis ; !i(id it in evident that every atom of 
the cell is iufluonecd by giniilar conilttioits ; liiit if wc ]>laca a 
orystal in its natuvnl fluid, though it increases in sine, it never 
alters in form : ivliercas, if we {lincc » cell in its natural 
|)08itioii, it givM indictitions of motion, it unites witli othor cells, 
and ivc have a devolopmentof organs wliicli arc in no respecltljo 
^nio in form as tlio original. I'roni a vesicle floating iiivisihlQ 
to Did unaided human ecnso in its womb of fluid, is produced a 
plant pOESessiug Bt range powers, or nn animal gifted with volition. 
'I'ho idea, that two kinds of polarity — -light on one side, and grav- 
itation on the otlicr'— ptoduco the two peculiar developments 
of roots and branches, can only bo regarded as onn of thoao 
fanciful analogies which prove more imagination than plnloKO- 
phj.C") 

'i'ho conditions are, however, most cuvious ; they desorva very 
attentive study ; but in examiiting the phenomena, the safest 
coui^ Is to allow the cftecfs aa they arise to interpret to us, and 
not adniit the love of hyiKJthesis to load us into bowilderiug 
analogies; or imccriaiii phenomena to betray us to hasty in- 
forcncos. It is of this evil that Bacon speaks, in his "Advance- 
niont of Learning." Ho says: — 

" 'I'lie root of this error, as of all others, is this, that men, in 
their contemplations of nature, are accustomed to make too limdy 
a departure, and too remote a reeess from oxporionee and par- 
tioulars. and have yielded and rc^gnod Ihoinaelvcs over to the 
fumes of their own fancies and jjopular argumentations." 

^Vithout venhiring, therefore, to spooalate on the origin of the 
pviniilivo eeli, or unit of vegetable life, wbloh involves the prob- 
leoi of the uietamorjihiMis of a rude mass — tho primitive trans- 
forniation of the rudimentary atoms into organic form -»-we innRt 
admit that the highly organiwd plant is but nn abrogation of 
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tlioso eella; (ln'ii niifiiigoiiiont tomg depciidctit upon ceriain 
prujjerties \}cculiar to tliciii, nnd (lio exercise of forcea such as wo 
hiic liccii Bluiljing, — nil of -winch ij)|)enr to act oxter jiallj to 
til' phnt it'^lf 

IXiicriiHcnts liftvo been brought forwirJ m which it appeiicil 
(Int aftor nil orgain/nlion wlin,h could by any po-aihility cii<.t 
lud boon (lestrojcd by tlio octicn of tiic solutions tf Ilint and 
liiolnllio dnlts liavo, under tho lufluonco of cicciiic aiironf'>, 
i,\liiiii(cd signs of oij, luic lormntioiiB and tint indeed msccl^ 
— a species of ncari — liwo brpn dc\olopcd lu Ihun 'Iha 
txpeumenls were nuido ivith care and many pimutions liken 
(o out oil all diauecs of an\ cnor but not dl llio prccnuliotiH 
lOjuircdin a mattu of siiUi oxrcLduig delicacy, and wo aio 
bound not to tecoiva the evidence yet afforded as llio tnio CKpres- 
^ion of a fact vsilliout much further investigation. All experience, 
selling aside Iho oxperimont named, is against tho supposition 
(hat pounded or dissolved flint could by any nrtjlicial means bo 
awiikcned into lifo. Ova may lia>'c been conveyed into tho ves- 
Kels ¥f hich contained the solutions under cx^criiuont ; and in duo 
lime, although poiwibly quiokcned by cleoliio excitation, the 
aiiiinalB — the most common of insecls — camo into oxistcneo, (^) 

'J'lio ra|ttd growth of eonforvio upon water, has often been 
brought forivard as evidence of a spontaneous generation, or tho 
conversion of iiiorganio elements into organic forms ; but it has 
boeii most Halisfaotority proved that tho genu must bo pvesent, 
otlierwiso no ovidenco of anything like organiitation will be 
devo oped. All tho conditions roqniiod for the production of 
vegetable lifo appear to sUos, that it is quite imposaiblo for any 
Idnd of plant, even the very lowest in tho scute, to bo fuvmcil in 
any olhor w^y limn from an embryo in wlnoh avo confnined tl»! 
clementa necessary for it, and the arrangoiiiciits rei^uiiod for tho 
various praecMeB wblcli are eonncoted with its vitality. 
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'i'iie oaslli i-i m\ c \ci \ miIIi \e^ohlli life, but there must 
have oxistcl b ti lo ^\i]Ui (liFkni,si vias upon tlio fnco of tlio 
doop," and oif,firii/nlion liid not ^ot commenced tracing lis 
lovoly netnork of cells mioii ttio kirc ttirfico of the ocean-luricd 
rock. At length tlio ntystory of oig^nio (realion liog;m : into 
this science (lires not penetiato l>\it it is piivileged to licgiii i(a 
Kcarch it litllo beyond tins pomt and wn mo tnabled to traeo the 
progress of orgmu, do^clopment through •» chain of intorcfiliiig 
rcfiuitt which are eonidntly leeuning 

If we tiko some ivalor rising fiom a sublcrroiioBn Kpring, 
iiid c\po'fo it to aunsliino wo sJi ill itto nflei a few duys, a curi- 
ous forniUion of hubbies and tUo gndu-il atouumlntion of green 
iniltei At first wo ciiinot detect any iiinr! b of organ iiiation — 
It appears a shniy doiid of on iiitguliu and iiiidctcr mined form. 
Itsioivly aggiogalcs iiul foinisawntof mat over tlie surface, 
which at (!\o «itiio time T-sanics a daikci gioen colour. (llai-cFul 
exansiiintiLM will now show the onj,inal coipuKclos involved in 
a network toimod t»y slender (hiiad^, whiolt iiro tribes of eireu- 
lation, and may bo tiiced fioni siinlt points wliioh wo must 
regard as the compouiid atom (lio vtgetiblo unit. Wo luust not 
forgot, htii. Hint wo ha\o to deal with foui chcmieai cionioiils, 
oxygen, bjdrogen, carbon, and iiilieyn, which cumi>ofio tho world 
of orgaiiined forms, and that the waict stfoids us the two first as 
its constituents, gives us oaiboii in the form of cnrlionio acid (tJs- 
Bolved in it, and lliat niti'ogon is in tho air surrounding it, and 
froqiiontly niiscd with it aUo. 

Under the influcneo of the light, wo Imvo now t«en these 
eloDicnts uniting into a inystcrioiis bond, and the teswlt is ttio 
formation of a colblar tisswo, whicli possessKi many of the func- 
tions of tho noblest ajsecimons of vogetabk growtlu ^nt let n» 
examine tho progre^, Tho l»re surface of a rock vises above 
the waters covered over with this green sliiiie, a Micro veil of deJ- 
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jcato nctworli, wliich, drying off, loaves no poreeptiblo trace 
behind it; but l!io basis of a mighty grovfth is there, and under 
solat influence, in llio process of tinje, other chnnges ooaur. 

AiWa [)ario(l, if wo examino tho rock, we sball find upon ita 
face Uttio coloured cups or lines wifh shihU Itard discs. TliuHe, 
at first (iiglit, wouid not bo taken for plants, but on close cxami- 
mtion thoy will bo found to bo Jichons. 'I'bcse tniiiuto vcgeliiljiDB 
'.lud llioii leed mid die, and from their own remains n more 
nnincious ciop Kpvings into life. After u few of those changes, a 
siifiicient doplh of soil m formed, upon whiob niossca begin to do- 
\cIoj>a thomsclves, and give to the stone nfiecond thno a fjuiit tint 
of grcon, a incro film sllli, but indiealing tho proseneo of a honnli- 
ful class of phints, wbieli, under tho microscope, exhibit in tlioir 
leaves and flowers many points of singular elcganco. These mosses, 
like the tichcna, decaying, increase tlio film of soil, and others of 
a larger growth supply tlicir places, and run Iheinaelvcs tho same 
round of growth and decay. By and by, funguses of vorioiia kinds 
mingle tlieir littlo globes and umbrolla-like forms. Season after 
season plants perish and add to tho soil, wliieh is at the Kamo time 
increased in depth by tho disintegration of tlio rock over which 
it is laid, tho cohesion of particles being bi'oken up by tho npern- 
tions of vegetable life. Tlio minute seeds of tho ferns floating on 
tho breeze, now find a sufiicient depth of oartb for germination, 
and their beautiful fronds, eventually, wavo in loveliness to the 
passing winds. 

Vegetable forms of a liiglior and a higher ordor gi'adually suc- 
ceed each otlior, each scries perishing in duo season, and ^ving 
(i! tbo mil additional elomcKta for tho growth of plants of their 
own species or those of others. Flowering horbs find a genial 
home' on the oiico l>aro rook ; and tho piirarosa pale, the purple 
foKglovo, or tho gaudy poppy, open their flowers to tho joy of light. 
The shrub, with its liardy roots inlorlaecd through tho soil, and 
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biinJiiig tho very slonos, roso rich in its bi-iglit greenery. Evontu- 
atlj, the trco sj>ringH from the soil, end where oiioo the tempest 
heat on the have cold rock, is now the lordly and branching mon- 
arch of tho forest, with ifs thousand leaves, ailhrdtng Kliolter from 
tlio storm for bird nnd heast. 

Suoh aro Iho eoTuUtiona ivhich prevail throughout nature in this 
progress of vogclahlo growth : tlio grcon matter gathering on ii 
pond, the uiililciv accuninlating on ft shaded wall, being llie coni- 
monoomoiit of a process which is to and in tlio dovolopmcnt of 
tho ginnt trees of tho forest, and tho hcsiififuHy tinted flower of 
nature's most chosen spot. 

AVo must now consider closely tho phenomena coniicelcd with 
tlio growth of an individual plant, whicli will illustrate the opera- 
tion of physical influences tlirougliout tlie vegetable world. 'I'ho 
process by which tlio embryo, soeurcd in tlio seed, is developed, 
is our first in([uiry. 

An apparently dead grain is placed In tho soil. If tho tmn- 
poraturc is a fow degrees above tho frcoi-.ing point, nnd holds a 
duo quantity of water, ttio integument of the seed imbibes mois- 
ture and swells ; tlio tissue is softened, nnd tho firiA oftbrt of 
vital force begins. The seed has now the power of decomposing 
water, the oxygen combines with Korao of tho carbon of tho seed, 
and is expollcd as carljonic acid. This part of tbe proce^iH is but 
Jitfic removed from tho merely chemical changes which wo hava 
already considered. We find tho starch of tlm seed changed 
into sugar, which affords nutritive food for tho developing 
Gtnbryo. Tho Boed now lengthens downwards by tho radiolo, 
and ripwards by the cotyledons, which, as thoy rise above the 
earth, acquire a green colour. Oarbonio acid is no longer given 
off. These cotyledons, which aro two opposite roundish loaves, 
act as tho lun^ ; by them carbonic acid is convoyed to llio toots, 
it is carried by a circulating process now in full aetivity through 
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(Is" youn;': ]'\imt, it is deprived of Us carlion, and osygeii is 
'■\lt»luii I'tom il. 'riio plant at tliis porbil ia little more Himi 
;iii arrangcioent of ocllulnr tissue, a very slight doveloptnciit of 
vHsoular and fibrous tissue appearing as a cjiindor lying in tlio 
ccislve of the slieath. At tUia point, liowovcr, wo begin distinetiy 
to traco the operations of n now power; the iinpiilsea of life 
are evident. 

'I'lio young root is now lengthening, and alisoibing from tlio 
moisture in tlio soil, wliicli always contains some soluble salts, a 
jirn lion of its nutriment, w)iicli ia impelled upwards by a force — 
piobably capillary ntdaetion and endosinose iiclioii combined — to 
(lio point from wbich the plumulo springs. '.I'ho plumule firKt 
ateenda as a liltio twig, and, at tlio same time, by exerting a 
muro onorgotic action on llio carbonio acid llian tbe cotyledons 
liave done, tlio carbon retained by tbem being only so mucb as is 
necoaajiry to form cliloropliylle, or tbe green colouring mailer of 
leaves, wime wood la deposited in tbe centre of tlie radielo. 
[''ixjm lliis time tlio process of Hgntfioation goes on throiigli all the 
fabric, — tbo incren^o, and indeed tlio life, of tbe plant dopond- 
!i)g upoii Ibo dcvclopinont of a true leaf from the plumule. 

Tt must not bs imagined that the prooo.ss consists, in the first 
place, of a tnero oxidation of the carbon in tbo seed, ~ a slow 
eombuftion by which the spark of life Is lo bo kindled ; — the 
hydiogon of (he water pUys an iniporiant part, anil, combining 
alao with tlio carbon, forms necessary compounds, and by a 
secondary process gives rise again to water by combination with 
oxygen in tho colla of tlie geraiinating grain. Nor must we 
regard tbe fieeond class of pltenomona as mere raeebanieal 
pnieesses for decomposing earbonie acid, but tho result of tho 
combined iuHucnceB of all tbo pliymeal powers anil lifo 
Kupsradded. 

This olongaling littlo tiyig, tho plumule, at lungOi ^nSiWs 
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itsi'lf, aiiil flio binncli is niofamorjjliOf^cil info a Jcnf. 'i1ic leaf 
aUrdtcs t!io sap it rccoivea, efiecta flie decomposiliuH of flie 
carboiiio acid, tho water, and in all probability tbo aiumoiiia wliieli 
it derives from the air, ami tlms returns to the poros, which 
comtiiunicitte with tlie piieHinatio arrangements of llie plant, tho 
nocc.=sary secretinnB for the formation of bark, wood, and tho 
various proxiinato prinRiples ivhiclt it contains. 

After tho first formation of a loaf, otliovs auceessivoty appear, 
all conBtrnetcd alike, and performing similar fanclions. The 
leaf is the prini'ipal organ to tbo tree ; and, indeed, T.inita'ua 
divined, and (loetho demonstrated, the beautiful fact, that tbo 
trco was devoiopod from tins euriously-formed organ, 

"Keeping in view," says tho poet^pbilosopher, " tho obser- 
vations tliat have boon niado, there will bo no dilliciilty in 
discovoring tho loaf in tho sccd-vcseol, notwithstanding tho 
variable strnoturo of timt part and ita peouiiar combi nations. 
'I'Ihih the pod is n leaf which is folded up and grown together at 
its edges, and tho capsules consist of several loaves grown 
together, ami the compound fruit is composed of several loaves 
iniitid ronnil a connnoti centra, thoir sides boing opened so as to 
foim 1 communication between thoni, and tboir edges ndhomig 
togetlici 'J liii is obvious from oai)Sulcs whiob, when ripo, split 
asunder, at wlnoh time each portion is a separate pott. It is 
also bhown by dsRbvent Bpooios of one genus, in which modifica- 
tions ext&t of tho principle on which tlieir fruit is formed ; for 
instance, tho cajBuIo of nit/tUa onetitafis consists of {tods 
ai^mbled round a contro, and partially nnited j in nigilla 
danutscena litoir union is complete. "(^) 

Professor Liiidley thus osplains tho aame view : " Kvory 
flower, with its peduncle and bractoolio, being the development of 
ft flowor-bud, and llower-buds boing altogether analogous to leaf- 
buds, it follows as a corollary tliat every llower, with its peduncle 
and bracteolfs, is a metamorphosed branch. 
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\i 1 full 1 tU Ibneisbeuignboiinc iimclics, wliatoYor 
il hi If, tf tlo nun Client of b iitchta«ith resjjoct to cadi 
tlu t!ip = mi v.i\\ 1 lla li\i jt flie flottcra with respect to 
oih Ub r 

1 II eons (luonco of a flower and ifi pcdumlo Ijciitg a branch 
in a paiticulor Btato tho ru IniLontary or niotaniorjihoaed lonves 
which coiisdiuto bractc floinl oii^clopo'j and saxaa, aro subject 
to o\ icily tho same lans ut ainiigcinent as legularly-formed 

HiG !<lca tbit the ienf i** (ho {iniciinl organ of tho plant, and 
tint fitwi it ill tto other orf, ns tiro piohibly developed, is 
\ rtliy tbogenuH of (ho groit (lurmnii poet 

1 \ery leaf i injHlciy in itself is in indiMdiinl gifted ni(h 
pconlni jiowois, tbiy eongi-e„ (u in fimihei and each one 
mini tin to tho f nut ion of tlo blanch on wbidi it hangs, and 
to the main trunk of the tree of which it h amonihcr. 'i'liotreo 
ie]irosentA a world, ovory part cxhibifing a iimdial dopcndciico. 
" Tho one red kaf, tho Inst of its elan. 



On iSic topmost tniH that looka up at Hie aky," 

is inltiionccd by. find influoiices, tho lowast iwt whieti pierces tho 
li\iinhl soil. Jiiko whia|icriitg voices, tho trombling IcavOH sing 
rejoicingly in tho hrce^o and siiinnior aunsbino, and tlioy tromhlo 
aliko with agony when tho aiituninal gale rends them from tho 
parent staik. Tlio inthienccs which pervade tho whole, making 
Mp tho sum of vital force, are disturbed by every movenieiifi 
ibroughftut tho Kyatom ; a wound on a loaf ia knosm to disturb 
iho whole, and an injury inflicted on the trunk interferes with the 
pToees^es which aro tho ftinctioiiH of every individual Icaf.{^ 

'JThe consideration of the phyateal circumstanoos necessary to 
goiniiiiatiou and vegetable growth, brJnga us acquainted with 
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inaiiy i^i»arjtab!e fools. At a temparattiro bolow the fvcoeing 
ipoint, seeds will Hoi genninato ; at tlio boiling point of ivatei', a 
chemical change is produeed in Iho grain, nnd its jiower of gorin- 
iimting is deslrojcd. Heat, tliorcforo, la neee^ary to Uio 
devclopinont of tho embryo, hut its jK>wcr must only ho excrtud 
within ecrlain prescribed limiis : those limifs nve only conhtaat 
for llio saino elnss of seeds, llicy vary with almost every plant. 
This is ap[M>rciit to every one, in tho difrurcnt (loriods required 
for gerininalion by (he secits of dissiiiiilui' vcgelablca. 

'I'liesced is placed in tho soil; shade is ill wny 8 — absohito 
darkness somotinies — necessary for the success of Iho germinat- 
ing process. Wo have seen that tho first oiieralion of nnturo 
is peculiarly a eliomical one, but tins manifestation of nfliiiity 
is doc to an exertion of force, which is dii'cctiy dependoiil upon 
Bolar power. If seeds aro placed under all the ncccssniy condi- 
tions of warmth and moisture, hut exposed lo unmixed light, 
they will not germinate ; bnt if wo obstruct tho luminous rays, 
allowing tho chemical power to act, which is to bo done by tho 
intor|>o^ilion of blue glass, the I'irth of tho young plant proceeds 
without anyinferruptioH. But let us take atruly natund oxam- 
pie. The Kccd is buried in the soil, when the genial sbowora of 
spring, and the increasing toinpcraliire of llio earlh, furnish tho 
rcfjuired conditionsfor this chemistry of life, and tho plant ovont- 
ually springs into Bunshino. If, however, wo place nhovo tho 
soil » yellow glass, — which wo have shown possesses tho property 
of Ecpraling light from actinism or choniie^l power, —and thus 
conscyuontly inauro tho influence of only light and heat upon 
tho soil, HO seeds will germinate. If, on the eonlrftry, a hluu 
medium h ompioycil, by whioh actinic power, freed from the 
jntcrfoi^neo of light, is rendered more aetive, germination tahos 
plnce mnip readdy thin usual Thus wo obfaiu cvidciico that 
oven thiou^h M,nii, di'j^lli of w.il (his peculiar mhiv jjowor is cffi- 
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iiuit, nnd lint iimlii ih c\ti(uiiprit (In lint ■.pun;; of lifp, iii 
tlm PLiiii, IS efiei tcil 

'Ihe (otjkdoiis and (he nilumiik bomg foimeil, tlio plant 
liiidorgops a TOiinrkablo chingo 1'ho '*e<l, liko nn -mimid, 
(Ijsoibed ox\E;on and oxlinled efirbomo neul, tliolii^t loa\(^ 
sccrcto carbon fiorii tirljonic a id inspired, ind fcoiid forth, a*) 
n'olo^H lo tliO I hiit an ctccss of o\jf,oii gas 

'Una pcmoi of dicompnsing tnilxinic acid is a vital funodoii 
wJiiuh bokngs to llw tcnvtuand buk It bas l>con stated, on 
tlio autborily of J obij, that during tho nif,bt the plant nets only 
as a wero buiidto of fibios — th it it iUohs of tho circulation of 
carbonic ncid and ila ov-nwrilion inii-lnnged In his eagerness 
(o support his choinii-al hj|ylbesi8 0f lospiration the able clioinist 
neglected lo iimuno it (his wit absilutely correct The healthy 
plant never con%s to dtcoinposo enibonio icid , but, during the 
night, when tlio oxcit nient of light 13 removed, a much les.^ 
(juantity is deoonipo&ed thnii when a stimulating sun, by tho ac- 
tion of ita rays iscompolhnf, thooxottion of ovory vital function. 

During this process wo Iiito anotlioi example of natural 
organic choiniatrj Iho thico morgaino olomoiits of which the 
vegclablo kingdom IS composed oxjgon, hydrogen, and carlion, 
are absorbed as air or inoicture by tho leave* or through the 
roots, and the ^l it phenomenon f f vogetablo lite is the conver- 
sion of these to an orfjinio condition feagnr and gum ate 
constantly pmduced and from theso by combmition with a lit- 
tle atmospheric nitrogen a proteino compound is formed, which 
is nn c^ntial element m tho progress of dovolopmont. C^) 

Hants growing m the light are beautifully green, tho inton»tty 
of colouring iacrcasing nitU the brilliancy of the light. Those 
which are grown In tho clark are etiolated, their tissues aro weak 
imd fiuceulent, their loaves of a pale yoUow. It is, tliotofore, evident 
that the formation of tins chloropbyllo — aa the grcon colonr- 



h, Google 



280 ciiT.oitoi'Ki'i.i.K. 

iug matter of lenves is calloil —rosHlfs from some aclbn dotor- 
niiiied l)y tho sun's rays. 

(JblorophjUe is a carbonaceous oompouiKl, formed itt tlic leaves, 
serving, it woald ajspear, many jiurposea in Iho proecsj of Bssimi- 
iatiun. In llio dark, !ho pbnt_still requires carljoii for its furtlier 
development, and growing slowly, it removes it from flio leaves, 
decomposing the Gliloropbylie. and Kuppovls its iveak exiKtfsiico by 
preying on parta of its own structure, miti! at leivgtli, tliis being 
exhausteil. it actually perislics of starvation. 

Tliis pvinciplo is effected in natuvn liy Iho agency of liglil, the 
himinom pri?ici}ile, as diatingiiialu^d from radiant Iiuat, iiclinism, 
or electricity. That power wliiob is most aclivo in tbo develop- 
ment of tho gevin, will iiot pro<iucc tlio eseitemcnt necessary for 
the decomposition of carbonic acid nnd llio secretion of carbon ; 
and under tho influence of radiations whicb bavo pormcntcd bluo 
media, tbo plant grows in a succulent stiifo, tlio formation of 
wood being oxeocdingly small. Of eosivso, each of tho oloniont- 
ary forces plays an important part in tho progress of growth : 
every ]>owcr of tbo soiar beam is necessary : tbo light to oxcito 
Ibo plant to decomposo carbonic acid, and boat and aoUnism to 
jirotluce tbo fortnalion of many of tbo pociiliar juices natural to 
tho vftTioHs species. Plants always turn towards tbo tight: llio 
guiding power wo know not, but tho ovidonco of soiiio imptilsivo 
or atlraeling force is strong ; and tho purpose for wliicb Ihoy aro 
eoiiBtituted to obey it, is proved to bo tho dopondonec of vogota- 
bio oxktoiico upon luminous power. 

Light is not, however, alone stiffieient to perfect tlio plant : 
anothor agent is required to aid in the production of flowers and 
fruits, and this [jowor is proved to bo heat in some pconliiiv con- 
dition. NoitJior under thoinflneneo of the actinic or tbe lumin- 
ous rays, as isolated by coloured media, will tho plant produce 
flowore; but having roaobed that point of development wbon tbo 
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njln:o(Uietivo fuiicfions mo, by siiotlior cliange in tlio cliomieul 
ii|ioration8 going on witbiu tlio vegcfablc siraclurc, to bo called 
t'ortli, it has been found Ebnt tlio bcat-inyM, ns eorapleloiy so[>s- 
ratiid m it Is pissible for tbeiii to bo by red media, becomo in a 
i'eniavkaWo nianncT effwilivo. If lias also been observed that 
jiiaiila bond from tbo red, or caloriflo rays, inxlcad of towards 
(beni, as they arc found (o do to every olhor ray of the spectrum. 
i'Voiii Ibia wo may orguo (liat tho influence of tbcse rays is lo 
fibeck tbo vegetative iirocesses, and tbus to insui-e tlio perfection 
of tlie reproductive organs. 

Observations, wluoh liavo been extended over many years, prove 
Ibal ivitli the seasons tlicao, solar powertt nro, relatively to each 
ollior, Bubjeet to an intoroaling ebango. In fho spring, tbo actinic 
pnivor prevails, and during tins period ita agency is required for 
the development of tlio germ. As (lie summer coniCB on, the ao- 
(inio rays diininisb, and tliosc of ligbt increase. Wo see fbo 
iii^ue^ty for Ibis, since luminous power is rcijuirod for tbo bdctc- 
lion of the carbon, witli wincb tbo woody fibre is formed, and 
idso for the elaboration of Ibe proximate principles of tbo plant. 
Autumn, the season of fruit, is cliaraetoriwd by an increase of 
tbo beat-rays, and a diminution of the others : this change being 
nocoRsary, as Boiouco now teaches us, for the duo production of 
Ilo\¥er and fruit. 

TIso calorific rays of the solar beam, to which tlio autumnal 
plionomcno of vegetation appear particularly to belong, ore of a 
peculiar oliaracter; they oxhibit a curious compound nature, and, 
to distinguffih thorn from tlio puroly calorifie principle, tbey Havo 
been called the Parathermio rays.(^^') 'i'o these rays wo may 
refer l!)0 ripomiigof fruit and grain, and the browning of the leaf 
before its fall. May not tito rise of tho Ktp tii spring he traced to 
the excitement of either light or actinism, and its recession, in 
the autumn, lo thai power from Trhicb the plant is found to hend, 
imd whieli appears to bo a modiQcd form of heat V 
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'I'liBiro can be no doubt tiitit tlio vnrioUcH of climafo niid the 
pceuluirilies of countries, as it regards their aniut^l aiiil vegctiiblo 
productions, fire ilependent on iho «nne causes. In CYory iiono 
wo find that vegotablo organisation is peeuliarly fitted for the con- 
ditions by «hioh it is suiroundod. Unijor the equalor, wo have 
the apicc-bearing trees, (he n\ittiicg, tho clove, the ciiniamoit, and 
the pepper-tree ; tliero ivo hare aiso tlic odoriferous Kandal, Iho 
obony, tho bnnynn, and the tenli ; ivo linve frank inooiiKO, and 
myrrh, and ollior iiicenso-b caring plants ; tho coilee-tree, tlic (ea- 
plnnt, and tlio tamarind. 

A littlo further north wo liavc tlio apricot, llio cifroii, tho poach, 
and tlic walnut. In tipain, Sicily, and Italy, wo have tho orange 
and ionioti'troe blooming rich wilh perfume, and the jwrnogranato 
and tho niyttio growing wild upon tho rocks. Beyond llio Aips, 
tho vegetation again changes ; instead of the cypress, tlio chest- 
nut, and tho cmk-troo, which prevail to Ibo tenth of them, wo 
have tho oak, the beech, and tho ehn. Still further north, wo 
bavo the Scotch and spiueo fir and lareli. On tho northern 
shores of the Baltic, and in that lino of latitude, tho liiiasl alono 
appears ; and beyond this the hoary aider, tho sycamoi*. and tho 
mountain ash. Within tho Arctic circle wo find tho niencreuni, 
tho wator-lilics, and tlio globo-flowors ; and, whoii tho iHtenmty 
of tbo northern cold becomes too sovoro oven for those, tbo rran- 
deor inoss slill lends an aspect ot gladness to tho oUierwiso sterile 
Boil. 

Tho cultivation of vogolnblcs depends on tbo tonijicraturo of 
tbo clinio. Tho vino flourisbos where tho mean annual Icmper- 
nturo ranges botwoon SC and 73", and it is only cultivated prof- 
jfably within 30" S. and 50° N. of the ctjuator. IV) tho samo 
limita is eonlined tho cultivation of maize and of olives. Cotton 
is gmwii profitably up to lalitiido 4K" in tlie Old World, hut 
only up 1') dO" ill (ho New. Wo bavo evidence derived hom 
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pliotogi-apliifi liheiioineiia, that tlio coiislituiioii of ihi- Rr)!;n' mjK 
varies with IIig kfiitKlc. Tiio eOiicls of tlio mn'tt rajw, itt 
I'Vinice aiwl J^glnad, iw produuing chcinical change, lire iiiliiiifcly 
iiioro (Iceklctl than, wUb far grealtr tj|ileniJoMr of light, they aio 
found to ho ill tho Jands iinder or near Uio equator. 

Fuiigals urc oinoog tho lo^^est forms of vcgoluljon, liut in tlieso 
WO havo pocwliaritics ivliicli apjtear to link tlioiu with the aiLiinal 
Icingilom. Maveet found tliat imishioonts nUsoihod oxygen, and 
disengaged cnrbonio acid. In all probahility, thin is only a cliem- 
iual pliorioniciiDii of n prooiscly similar cliaractei' to that which 
WO Itnow lakes place with decaying wood. In (ho convewion of 
wood into hinmis, o;<ygon is absorbed, and combining willi tlio 
carbon, it is evolved as carbonic acid. Of cowrsc, wo havo tho 
pcculinr condition of vitality to modify tho cfTcct, and wo havo, 
too, in this elai:« of plants, tho oxiatenco of n larger quantity of 
nitrogen than In found in any other yogclaling snbslancc. 

Tlioso few sketches of reninrkabto plienopnona conncciod with 
vc^tation, are intended to show mci-cly tho 0|icralion8 of tlio 
jihysioal powers of tho univoi-so, fo far a« wo know then), npoii 
those partioulav form.1 of organiiwtiun. During tho proeesiS of 
germination, oleetricily is, acconling to PoidUct, evolved ; and 
again, in ripening fruits, there appeals to l>c soino evidoiiee of 
eleotrieal ouvi'ent!i. Vegetable are, however, in the growing 
state, such good conducts of eleelrioity, that it is not, according 
to the law^ of this force, possible that (lioy should accumulate it, 
t-o that the luminous phonoinona slated to havo been obsorvod 
cannot be due (o this agency. Wo know, however, that under 
every eondilion of change, whether induced by ehemiual or 
cnloriflB action, electricity is set in motion j and we havo reasons 
for believing that tho esciiation of light will aiso give tim to 
lilcctrieal eireulation, 

The <nicstion, whether plants po.^icra Ks^MMiliiifi, Mltethcr lUy 
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^uvo am (3i-'[)oei(ioii of init-i if iH iinlo (lus to t\n> iiervouii 
Bystnm ot aiiiniala, !ins bouu ofttn put fotvnrd, but as yet tlio 
answer liave been unsiti'faetory 'JLho point ts ono ivolS wovlby 
all tlic attonlion of the vegotabto pIijMologist j but, roj^utdbg 
|)Uini.s nh the iiitk bofween the iMitnil ind the mtiicriil kiiigtloiii, 
— looking upon pbjloebcniiMiv, «s exbibited by thoiii, an Hio 
liiciiii!! emplojoil to piciiUico (lio'c iiioio <oi«|>lex organization a 
ivbieli OMst 111 nnmnls, — wo nect'^iily cciiisJiler plimts aa iiiuro 
uaturnl iiinehiiici for tffLctmg orginii, iiirniigciiieiits, and, as 
auuh, Ibftbtbcy cannot pos'ics)> niiy nci\oiis bcnaibility. Aliiscuki' 
contraction may bo rcpicjcntcd in many of tlicir niaivcllou» 
arrangcmeuts , ind any distuibanco piothiccd by naturul or 
arlificial means, i^oiilil con=ciiuently tALOt a dmngc in tho 
operation of those forcoa wliicii (oiiilimc lo produco vegetable 
life. Iiulootl, tlio ojrpeiiineiits of Cnilo HlHtteucci, already 
rcforrod to, jnovc tbat an naiBion ncio'-s n loaf, fbo fractiiro of a 
brmeh, or tlso more biHismg of my ptit oJ tlio plant, interferes 
Mitli tbo cxeuno of tliat jmwei ivbtcb, under fbo oporatioii 
ol bnninons agcnej, (teeonipo=cs urbonio acid, nnil effeots tlio 
HhSiinilatiou of the ofliei elements 

'lo it,(apitulato A plant is an oigmwed creation ; it isso in 
infiio of ccrtnm <-(iango pliyto tlmiiiuil ojierations, wliieli aro 
rendered iclivo by tho solir niflumoes involved in tbo great 
pheiioincii t of light, and b^ tho excitation of caloric foiijo and 
electrical cticulation It la a sinking oxonipliBeation of the 
united acUon of eerlain einpyieal powois, wbiob give riso fo tbo 
eombinalion of inorganic pnneiples under such forms Oiat Ibey 
become ca^We of obeying tho nijstenous inipulscH of lilu. 

Tho j>oet haa imaged tlie ageney of exiornal powers in vati- 
003 8!iai>oaof spitituaJiMd beauty. From tho goddei^s Fiorti, 
and bor attendant njinphs, to the romantic eiiehiintres« who 
called «p lloffers by tbo tight touch of her waml, we liavo, in all 
these creaiioiis, foresbadowinga of the dtscofcry of ^h').■^.■ |>i'W.-i ' 
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which science has shown are essential to vegetable life. A 
power from without inflnences the plant ; but the animal is 
dependent upon a higher agency whiah is potent within Iiira. 

Ihe poet s dream pleases the imaginative mini and associat- 
ing m oil iJeaa all that is graceful and lo¥oabIo in tlio female 
f rm with that diTiner fet,ling which imjresses the soul with tho 
sense of oome unseei 'Jpu taality we jerceive in the goddess 
the enchantress orthesvljh pire idealizations of the jhyHcal 
poweis The '.pint fl it ng over the e f rms ff beauty and 
alorn ig tliem with all thi, richne^'i of colom — punting the 
rose an \ giTint, perfume t the ¥i let — is in the poet s mind 
one whiaii as enls to newly tho highest point of etherejlization 
and whi h becomes indeed to him a spiiit of light they iido 
upon the zophyts and the^ flojt us all the lusurj of an empy 
real et joynient down to the earth u] on a Sunbeam Such 15 the 
work of the imagination What it, tie result ot tho seaieh of 
plolding scit,nce after tiuth Tho sunbeam his been torn into 
iiy and every lay tdftked to tell of its a inistry 

Nature has answered in some of the interrogations and pass 
mg over all tho earth, echoed fiom pUnt to plant, we have one 
universal cry, proclaiming that every function of vegetable life is 
due to the spirits of the sun. 

Th m' hfyAdui ' f '^ glh y 'thth ffi 

h^dy — P p hdllyll — h 

1 mb I f h G f — h d J 

hb Ml— h kwhhpdh 

b h mp 1 1 — 1 gl fl w f h 

pal Ihsewhh pi — 
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CHAPTER XV. 

PI-IESOMEKA OF ANIMAL LIFE. 

BistinctiOQ tetween the Kingdoms of Nature — Proeresa of Animal Life 
— Sponges — Polypes — Infuaorm ~ Animalcub — Phonphoiesoeiit 
Animals — Annelidans — Myriapoda — Animal Metamorphoses — 
Kshes — Birds — Mammalia — Nervous System — Animal Electricity 
— Chemical Influences — laflueuoe of Light on Animal Life — Animal 
Heat — Mechanical Action — Nervous Excitement — Man and the 
Animal Baees, &c. 

" A STOKE grows; plants grow and live; animals grow, live, 
and feel." Such were the distinctions made by Linnmns, be- 
iwoen tte conditions of the three kingdoms of nature. We 
cannot, however, but regard them as tomewhat illogical. 'Xhe 
stone — ^a solid mass of unorganized partieles — enlarges, if 
placed in suitable conilitions, by the accietion of other similar 
particles around it ; but it does not, according to any of the 
senses in which we use the word, grow. Plants and animals 
grow ; and they differ, probably, only in the phenomena of 
sensation Yet, the trembling mimosa, and several other plants, 
appear to posaeis as muah feeling as sponges and some of the 
lower classes of animals. By this definition, however, of the 
celebrated Swedish natnralist, we have a popular and ample 
expres^on of a great fact. 

As we have only to oxamine the question of the agency of 
the physical forces upon animal life, we must neuessarily confine 
our attention to the more striking phenomena with whiot science 
has made us acjuainfed ; and, having biicfly traeeil (he apparent 
order in which the advaooe of organization proceeded, we must 
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ilii'iict our few eonchuling voiiiarka to tlio jih)'Eico-)>liyfi<Tlogical 
inHuenepji, ivlncli wo must confess to know but loo impoifeeHy. 

Wo learn ttiat, clMtiiig iho siates of progresa wliiuli g^iolngy, 
looking into Ibo arcana of timo, lias made \m aeqnamicA witli, a 
grout variety of aninia! forms wcio broiiglit into oxi^toHCO. 'J'hoy 
]ivcil iliL'ii' |icvio(is. 'i'lio conditions tif llio siirfaco, the eeii, or 
tlio ;iliii<ii.|i!iove were alfored ; and, no longer Gttetl tor tlio oiijoy- 
nieiils ol" the new life, liieso races passed away, and othcifl 
ocoupicd tlioir places, which, in turn, went through all llio stages 
of gi-owtli, maturity, mid decay ; until at Icnglli, tlio earth being 
iiltcd for the ahodo of tlio highest order of aiiintals, lliey woro 
called into exisletico ; and man, the intolleelual monarch of tlio 
«orld, was placed fiujiieine amongst them all. I'yps of nearly 
all IhoRo forms of life which aro found iii llio foKsii atato aro now 
in existence ; and if we examine iho goograjjliicul difilrilnttion of 
animals — tlio /ones of elcvatioti over flio surfaco of tlie earth, 
and the wnesof depth in the ocean, — wo sIihII find, now oxisfc- 
ing, nniinni creations strikingly nnalogons to the jiviniifivo forms 
and conditions of the earth's inliahitants. From tlie depths of 
flio ocean wo may even now sludy — as that most indcfiitigabirt 
uatuvalist. Professor Edward Forbes, has dono — the varying 
elates of orgniiiitation under the eirouni stances of ini[M3ifcet iiglst 
nid loi^mg ttmpptatiiio ( '') 

Tho giaduol advance of aniniil ltf( ui the amending strata 
Inf led to n)any spesnlations ni§enionti ind roSned, on the pro- 
'H-iSuo development of animals 'Uiat tlio changes of tha 
in'irganio world mtpies^cd new eondiimns on the organie slrue- 
tnius of animnia, to moot tho neecssilies of their being, most bo 
admi(te<l. Ooniparativo Bnataniy has demonstrated that sueli 
supposed difforeHees really existed between the creatures iif the 
secondary formaiions and those of the tertiary and llto present 
periods. It has been imagined, but ypon debatable foundalions, 

25* 



h, Google 



204 I'jioGKKSsroN' Oi^ ohoasikatiox. 

thatli itmosilart, (liiun^ the ruikI i j. i 1 \ n h lilv 
clmi„al null c^iloim lul -in 1 i t ih u li 

Jieiicfiiial to tlie gro«tls of phiil ! i 'i tho 

coiiirtioni iCfjuiiCil by tiK e \iliRh 1 il i ( im 

aecunintwi \uth it ms not n(lji|)lut to suiJiml iiiij iiiiiii ilfl sbovo 
flio h1o« bieiHim toH blnniloil iJ^liLS niiil i(!|(ttt<3 UniJer tlio 
notion ot till, hiijiLi hi\nuaiit ict,c(afion of tin. o |)0iiO(li> (Ins 
cnrVoiin, aoil it Biipi i liI to lii\o be ii lomoicil nml ii iiddifion 
of otygen furitisbul ulllii', roii iiiiii'iitlj Ibo onilli findu 
allj tilled for Ibo iiboilc of \i-iiiii bioo<i<<! ml inuckbicatbnif, 
cientiiit'' Wo tlo indeed find a ■mj iiinikcd IiiiclKliiecntho 
fobfitl rontiiins of the lins fcimatiunb ubi li Liidoso tbo faminii'' 
md llie we ibkii iii iiliicli buds »ii il i, Ibcii i| ]i ii nut in )i( 
nnnioronsiy tlian in nny pvcvioHS foiniotion, 

1''oumlod upon those fuels, f[)ecu la ti on s bnve been pntfoilb 
on tho gi'iidunl duvei'ipnicnt of liiiinials fiom ibu luwc-f ii]) to 
tlio liiglieat ordere. Itetweon tbo )>olji]«iind man a oontiiiuons 
miesbas been imagined, every link of Ibcelmin bdii;^ ti.wed 
into GOiinccfioii with tbo ono immediately bncceedinj; it; and, 
tlnougb all tlie divi'iiniii, ^oojibjtps. ii-b<'S, anijilitl'ia, replilos, 
biidfi, and tniiifiinalia Rto teen, aCM,idi„. („ tb) b\n.ilipi.js, to 
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lifi! :)s lU.^itliict creations, eiieli oiso fiffeil foi' ils &btta of bu'mg, 
Kpiiiigiiig fi-fim the eoininand of tho gi'eat Ftrat Gimm.(j"^) 

But it IS tiiiio wo quit thess epDOulative questions, and pro- 
ceed to Ilift cxaiiiitiation of (lio genera! oontlilioiis of animal life 
id lliu [jvoyiirit time. 

l.dwtsE in llie .scale of aniiiinls, and scnvccly disiingiiisliablo 
fioiri i\ vegf'lablo, \vc find iSio sponge, attacliod to aiul paFBing its 
life iipDii a rock, exliilnling, indeed, less signs of fccHng than 
many of tlio vogolnblo trilics. 'I'lie clieiiiical ilifToroncOB bo- 
twcen vegetables and s|]ongea are, liowever, very decided ; and 
i\e find in llieir (issues a large C[\iantity of nitrogen, a (vuc aiii- 
iiial clement, which exists, but in smaller ((iiantiticH, in vegelablcB. 

'I'liese creations, standing between vogetabic and animal life, 
possess llio singular power of decomposing carbonic acid, as plants ; 
and the water in which they Jive always conlaina an oxcess of 
fteo oxygen. 

Tho polypes are a remarkably eurious clasf. " l''ixed in largo 
arlwreaoent masses to the rooks of tiopical Boas, or in our own 
cliinafo attached !o shells or other suhmarino Fubstanoes, they 
tin Oft out tbeu nmilintioiis in •» tbousnid beautiful and plant- 
hl I f Mus , 01, inciinting (ho loclci at the bottom of (ho ocean 
1 ith calcaieoiis earth -^jMraled from the water which liathoa 
th in, they ulcntly bnild up rs,s,ft and aboalf, justly dreaded by 
lb niii},itor, and Kon5aMnes giMug origin, as thoy rise to flio 
lufacoof (be sea to ishnds, wbiob (he lapse of agoa clothes 
Hitb luxuTianC icrdure, and peoples with approprinto inhabl- 
(int&"( Most ot tliO poly|)es aro lived and stationary ; Inil 
the hydra and some others have !he iM>i¥er of changing tlieir )i(Kfi- 
iinns, ft-hicli thoy do in seareb of the light of the sun. 'jl'liey do 
not np|>ear to have organs of sight rofjwtring light ; but sUlt ftiey 
doliglit ill the solar influences. I'lie most extraordinary fiiet con- 
nected with the hydra is its l)etng multiplied by division. If an 
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incision bo iiiailo in [lie eido nf n liydra, ft young pylyjte soon 
(iovclopBS itseli"; and if one of tlie^o ercaliiroa bo divided, ii 
quickly rcaioi'cs the lostiwrlion of its structure , 'I'ho vnf loUos 
of tlio polypes aro oscoedingly nunierouH, niid nmny of Uicni airo 
in the higliest dogroo cuiio\is, and offen very beautifHl. I'lio 
ncliiiira, liko flowers, nppcaf to grow fvoni Iho i-ocks, unfolding 
their tonlacuk to tho light ; nnd, in their engoriicss for proy, 
tliey exhibit a boaulifnl play of coloura, niid most iiitcrcsling 
forms. Microscopic KooplijtcH of tlio most curiotia ahapeM aro 
found, — al! of wliich itttest, under examination, tho perfection 
of all created tbings. 
I f so Tan la n ale la — ■» mnlK, many of them, appearing 
Ic tie n CO 0(0 a 1 ttlo n ore than a transparent jelly, — 
1 st 1 6 ooog sed as the n ost Hiinplo of tho forins of life. 
Hoy o\ t all Tate s co niablo myriads; and, nniiuto 

cr -A res as ll ey a o 1 1 as b e lenioiistrated that many of (ho 
great Imiostono hills aro eoniposod entirely of their remains). 

Tlio aealcpba;, or Elm phosphorescent animals of tho oeoan, 
are no Icsa curious. From creatures of tho most miinite ma, they 
extend to a considerable magnittido, yet they appear to bo littlo 
more than aiiiiiiatcd masses of sea-water. If any one of these 
sea-jellies, or jelly-flshcs, as tloey arc often called, ia cast upon tho 
shore, it is soon, by tlio iiifluenee of tho sun, converted into a 
more fibre no thicker than a cobweb : an animal \veigljing seven 
ov eight pounds, is very soon reduced to Httlonioro than as many 
grains. 'I'liero are numerous laritfics of those '■m^larcioaturu, 
most of wliioh are reniarkablo for Ebo powerful p!io«phoie eont 
light thoy omit. Tho boioos ami the pulnioiH.51 ado shine with an 
inten^fo ivhtto light many feet liclow tho buifaoe, wlnl-f tito 
(kitum Veneris, or gir<llo of Vcniia, ghdm^ rapidly alnn^, 
presents, on tho edge of the \ii\o, in umluhfm^ idnnd uf 
flamo of eensidorabJe longfh. Th te pan he no douht ih it this 



h, Google 



ARTICULATED ANIMALS. 



aiisea from the emismon of phosphorescent matter of an unknown 
kind from the bodies of these animals. 

The miorosoopo has mada ua familiar with the mysteriea of a 
minute creation which we should not otherwise have com- 
prehended. These creatures are found inhahiting the wafers and 
the land, aad they exist in the intestinal structure of plants and 
animals, preying upon the nutritive juices which pass through 
their systems. Although these beings are so exceedingly small 
that even the most practised observer cannot detect them with the 
naked eye, they are proved, by careful examination under the 
microscope, to bo in many cases elaborately organized. Ehren- 
berg has discovered in thorn filamentary nerves and nervous 
masses, and even vessels appropriated to the circulation of fluids, 
showing that they belong really to a high condition of existence. 

Passing over many links in that curious chain which appears 
to bind the animal kingdom into a complete whole, we come to 
the articulata of Cuvier — the homogangliata of Owen. 

All those eroatures which we have been hitherto considering, 
are too imperfect in the constmotion of their simple organiaations 
to maintain a terrestrial existence ; they are, therefore, confined 
towtey dnmlth tltwh 1 f 
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The most remarkable phenomena connected with these animals 
are the metamorphoses which they undergo. The female hutter- 
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fly for iniiance lays eggs wiKh when hatelied produoe cttei 
pillars tliese live in this itate for some time feediu^ upon 
TCgttaljles anA after casting the i skms at, ttpy increase in size 
•\t last assume an entiielj diftoient state and dormant in their 
oWong case they ippear like dead matttr Ihis chrysalis or 
pupa IS generally pieserved from injury hy heing embelded 
m the enrth from which after a "teason a heaut fully j erfeet 
insect escapes and floating on the breeze of summer enpys its 
aunshine and reyels imidat its flowers 

No less remarkable la the metamorph ais f the cadni'ibiinch 
late amphibia passing through the true fish eocliti n of the tad 
pole to the poiftct air hreathmg and four f oted animal the frog 

A metamorphosis of the crustaceans, somewhat simihi to that 
which takes place la insects his been of late years creating much 
diacus'iton amongst naturalists : but the question appears to be 
now settled by the careful and long-contiuued observations of Mr. 
Thompson, and Mr. R. C. Couch. 

A wide line of demarcation marks the separation of the 
invertehrata from the four great classes of vertebrate animals — 
fishes, reptiles, birds, and mammalia. Every part of the globe, — 
the ocean and the iaknd lake, — the wide and far-winding river, 
and the hatbl t am, — the mountain and the valley, — the 
f t w th t 1 pth f shade, and the desert with its intensity of 
hght — th Id e jna of the frost-chjdned north, and the fervid 
cl ne with n th t pics — presents for our study innumerable 
an mal e h fit ted f r the conditions to which it is destined ; and 
th ugh tl w! 1 we find a gradual elevation in the scale of 
mt 11 g n e unt 1 at last, separated from all by peculiar powers, 
we ar e at man h mself. In each of these four classes, the 
an m 1 a f n hed with a bony skeleton, which is in the 
y m 1 h tl more than cartilage ; but, as growth increases, 

I ne h m d po ted, and a sufficient degree of hardness is 
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ilms iiroiiiiofid to support tlio ndult formalion. Bomc utiatomists 
liavo cndcsvouvcd to sho\y that even in the meehatiical striicluro 
of the bony fabrics of nnimals, wo are cnnbletl to trace a gradual 
iiiurewKO in the |iorfeelion of arrftngemeiit, from fhofish until the 
iiinsl porffjct isfouTut in man, Many of tliG mammalia, bowover, 
iiio fiii-Jiislieil will) skeletons ivhicli really surpass tbiit of man. 
'i'lieso belong to aniiuitls wluoh depend for subsistonc-e upon 
thvit nniscuhir jiowors, and with whom man is, JTi this particnlnr, 
(111 no equality. AVliat is tlio lord of tlio creation, compared witli 
llio anlolopo for flcotness, or with the olephRnt and many oilier 
iininials for stroiigfh? 

As wo aseond tho scale of animal life, wo find ft more porfcclly 
(loveloped nervous system ; and tlio lelatlvo fh.o of tho hraiii, 
compared witii that of llio brute, is found progress ivoly to in- 
cvftnpo, until itnrriven at tho utmost porfeclion in man. On tho 
system of nerves depends fionealion, and there can bo no doubt 
that tbo nioro exalted tho order of intelligenco displayed, tbo 
iiioro exquisitely dcHcalo is tlio nervous syftcin. '.fhus, in tliis 
world, refined genJns mviBt neccBsarily be attended \¥i!b a condi- 
(ion of EonHibiltty which, loo frequently to llio jiosscssor, is r 
state of real disease. 

Tt must be evident to every reader that but very few of Uio 
htiiUing features of animal lifo have been mentioned in fho rapid 
survey which has been taken of tho progress of animal organiza- 
tion. Tho subject is 60 estensivo that it would ba qnito impossi- 
b!o to onibTaco it within any reasonable limits ; and it furnisIio» 
matter so eiirious end so instruelivo, that, having onco entercil 
on it, it would liaTO been difficult to bavo mado any seloetioii, 
and wo muBt liavo devoted a volume fo the il'istbetjoa of natnral 
soieneo. Pacing it by, therefore, with tlie mere outline which 
has lieoji given, we must proceed to consider sorao of tha condi- 
tions of vitjility. 
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BoH lias pfoved that ono set of iiori^eB ia employed in convey- 
ing 8on»fiUioii to tho brain, and imothcr mt m trmisftjiTiiig llio »lc- 
sii«s of tho Hill to ilio niHselcB. By tho sc|>amtion uf tho m»m 
btanob of ouo of tho nerves of Beiisation, alfhoMg^i uU tlie O|ici'nliona 
of Itfo will still pvococd, tho orgiin to ivltieh that ncivo gooM \a 
tleai] to its iinrticulav sciifio. In liko maiinor, if ono of tho nerves 
of volition is divided, the munitier will not obey tlio inoHnation 
of tlio hiain. It is ovidonl, (lioi'ofoi'o, allhougb many of tho 
gront, plionoracna of vital force ava (lepcTidont on (ho nervous 
Byslem, and tlio paralysis of an)cinboi'enKueKU|ion llie separaliou 
or tho (tiseaso of a iicrvo, tliat the nerves arc t>uE the e]ianiiot» 
through wliich certain inliuonces jiro eavrieil. Tho vis vitte, or 
vital principle — for ivo aro compelled liy flio iiiiporfi;c(ion of our 
knowledge to associate under this ono term tlio iiUimato eamaa 
of many of the plionoinena of life — is n jioivcr ivliioh, although 
constantly employed, has tho capability of eontinually conewtng 
ifciMilf by FOmo inex])hcallQ conncctioji existing between it and 
many ostcrnnl influences. Wc know that certain eonditiona are 
neces.-ary to the health of aninials. DiEcascd digestion, or any 
interruption in the clieulation of tho blood, destroys the vital force, 
and death ensues. The ptocc6.«cs of digestion luiil of iho circu- 
lation aio perfectly understood, yet wo aro no nearer tho gr(st 
secret of tlio living principle. 

Anim.ils aio dependent on foveral external agents for llio siij)- 
port of oxisioneo. 'i'lio osy. on of tlio air ia necessary for loapira- 
tion. Animal heat, as will bo shown presently, is in a great 
ineasiiie dependent upon it, Tlio external heat is so re^tktod 
that animal esLstonco is comfortably supiwrtod. Eloctricify in 
without douht aa c^onttal element in tho livmg proee^ ; and, 
indeed, many physiologists have boon inclined to refer vital forco 
to tho dcvolojsiTient of elecirieily by oliomical action in the brain ; 
for whieh, however, theio is no foundation in expciiinciit. 
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'Ilio |)l!cnn»ieiia of t!io Torjwib nnd Gyiniiottis wo liavo alremly 
i!Olii;iiil,(^) and tiiero are other crcflttii-ea wliicli certiiiiily jiosse^f 
tlieiJDwer of secreting ami diBeitavglngoIeetiicity, Oalvoiti's esijci'- 
iiiiciits, and tlioso of Aldiui, ap[K!ar to gliow — und iho more dcliciite 
losoafches of Matteucci Itsivo satisfacforily dctomtiiiod -— thnt our- 
loiifs of electricity arc alwnys circul ,tiiig in t!io imimal friiinB, 
tliat positive cicclvicity is coiislantly pausing from the interior to 
t]iii<;xlcriov of a iimsclo ; and 5Iallouci;i, by arranging a serioM of 
iiiuMileM, liaa formed an clecliio pile of somceiiergj'.('*') Tlteso 
currents liaro l)eon delected in maw, in pigeons, fowli?, ccIb, and 
fiogs. 

In tlio human Ijody, it ia evident n large quantity of electricity 
exists in a state of equilibrium. This, Hiowevor, nmy be faid of 
every substance. It i» perhaps mom easily dis,tuvl)cd in tho 
luniiaii system ; indeed, the nianifestalion of sparks froin tlic bail' 
and other patla of the body by friction ia not iincoiiiiiioii. Kvcry 
ohomieal aetion, it has been already hhown, gives rise to cloclrical 
inanifestntions ; and the animal body in a laboratory, beautifully 
litlcd with apparatus, in wliieh nearly every chemical process is 
j^oing on. It has been proved that aeid and alkaline principles 
are constantly acting upon each other through the lis-sues of the 
animal frame; and wo have curious phenomena of eiidasmose and 
csoBTUOSG in constant action, and catalysis operating in a mys- 
terious manner- (^ 

\Vi(h tho refined physiologioal questions eonnocled with tho 
jihononiona of tcnsation we cannot deal, nor will any argument 
bo adduced for or against tho hypotheBis which vimU refer these 
phenomena to some estraordinary devetopntcnt of eleetrio fores 
in tho brain. 'I'he entire subject appears to stond beyond tho 
tfuo iiinita of Beicnee, and every attempt to pass it is invariably 
found to lead f.i u oonfuiiod mjslicism, in whieit the roitl and tho 
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ideal avo strangely confouiulcd. Science stops elioit of tha [jlic- 
iioiiiuna of vital action. 

Wo eannot, lioRovor, i)ut refer to tho idea entertained by many 
that the biain ia »n cleoliio b«ttery, and llie nocvcs a systuiii of 
conductors. On this view Sir John nersche! remarks : " If the 
■bniiii J)c an eloctrio piio confitanlly in action, it may bo con- 
ceived to discbargo itself at regular intervals, wbon Ibo lonaioii 
of llio electricity rcaclioa a certain jioint, along the nerves wliicli 
comminiicnto with the heart, and IbuB excite tlio pulsation of that 
organ." Priestley, however, appears to have been the first to 
promulgate this idea. 

Light is an osfontial element in producing the grand phe- 
nomenon of life, though ils action is ill imdcrslood. ^Vbcro 
there is light there is life, and any deprivation of this principle 
h rapidly foHoircd by disease of the animal frame, and the dc- 
Bh'uction of the mental faculties. Wo have proof of lliis in tlio 
S(jua!orof fhoao whoso noceBsities coinpcl them to labour in places 
to which tho blessings of sunshine never ponoltato, as in onr ooal- 
minoB, where Dion having every thing nccessjary for hcaUli, except 
light, exhibit a singularly unhealtliy appearanco, Tho state of 
fiiliiity and wretchedness to which thoso individuals Itavo lieeil 
njduoed, who have been subjected for years to incarceration in 
dark dungeons, may bo referred to tho same deprivation. Again, 
in the peculiar aspect of those people who inhabit different 
regions of tho earth under varying infincnccs of light, wo boo 
ovidonw) of (ho powerful effects of solar action. Other forcen, as 
yet undiscovered, may, in all probability do, exert decided influ- 
ences on the animal econoniy j but, although wo recognia* many 
oFTwits which wo cannot refer to any known caases, we are pei'- 
feetly nnablo to imagine the sources from which tlioy Bpring. 

It will Iki interesfing now to csamino tho sources of animal 
heat, the eonBideiation of which naturally leads us to consider 
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the digestive system, the circulatory processes, and the effects of 
nervous excitation. 

The theory, which attributes animal heat to the eomhination of 
the carbon of the food taken into the etomach with the oxygen of 
the air inspired through the lungs, has become a, very favorite one. 
It must, however, be remembered that it is by no means a new one. 
The doctrines of Brown, known 03 the Brunonian system, and 
set forth in his Elementa Medicine, are founded upon amilar 
hasty generalizations. Although, without doubt true in i certain 
degree, it is not so to the extent to which it J t w uld 
have ua beUeve. That the carbonaceous matte d nt the 

stomach, after having undergone the process of d t, t n n(« 9 
iato eomhination with the oxygen breathed through th lung or 
absorbed by the akin, and is given off from th b dy n th fo m 
of carbonic acid, and that, during the combination, heat is pro- 
duced, by a process similar to that of ordinary combustion, is an 
established lact ; but the idea of referring animal heat entirely to 
this ehemioal source, when there are other well-known causes 
producing calorific effects, is an example of the errors into which 
an ingenious mind may be led, when eagerly seeking to establish 
a favourite hypothesis. 

Animal and vegetable diet, which is composed largely of car- 
bon and hydrogen, passes into the digestive system, and becomes 
converted into the various matters rec[iiired for the support of the 
animal structure. The blood is the principal fluid employed in 
distributing over the system the necessary elements of health and 
vigour, and for restoring the waste of the body. This fluid, in 
passing through the lungs, undergoes a very remarkable change, 
and not merely assumes a different colour, but really acijuires new 
properties, from its exposure to the dr with which the cells of 
these organs are filled. By a true chemical process, the osygen 
is separated from the air, that oxygen is made to combine with 
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tho carbon and liytlrogoii, and carbonic acid and wnter ai'o fofm- 
eil. TiiCKO arc liberated and tlirowit off from the body eitbor 
througb tbo iungs or by tlto skin. In tho pvocosscs of life, os far 
as wo are ciiablod to Irnco tliont, wo seo actions going on wbieli 
are lofevrcd to certain causes wliich wo appear to osplain. Thus, 
ttio conibinalion of tho oxygen of tlic air with tho carbon of tho 
blood is truly designated a case of eheuiieal ullinily ; and wo find 
that, in endeavouring to imitate tlio process of naluro in tlio 
laboratory, wo are, to a certain extent, successful. Wo oan com- 
bine carbon and oxygon to produce carbonic acid; and wo know 
tliat the result of that combination is the dcvolopniont of certain 
definite quanlities of lioat. Let us oxamiiio tho conditions of 
Ibis clioniioai phenomenon, and wc shall find that in tho natural 
and avtiiiciol processes, —for wo must bo allowed to inako that 
distinction, — tboro aro analogouB circumstances. If wo place 
a piece of pure carbon, a lump of charcoal or a diamond, in 
a vessel of air, or oven of pure oxygon gas, no change will tako 
place in either of these elomcnts, and. however long tlioy may bo 
kopt (ogctber, they will still be found as carbon or diamond, and 
oxygon gas. If wo apply heat to tho carbon until it becomes 
ineandosoent, it imrnediatoly begins to couibino with llie oxygon 
gaa,~it bums; — after a little time all tlio carbon has dis- 
appeared, and wo shall find, if the experiment has been properly 
made, that a gas is left behind wbieli is distinguished by proper- 
ties in every respect tho rovorse of those of oxygen, aiipporliiig 
iioilhcr life nor eombustion, whereas oxygen gives incronsod 
vigour to both. Wo have now, indeed, earbonic aeid gas formed 
by the wnion of tho two pcinciples. 

A dead nwss of animal niaStor may bo placed in oxy^n gas, 
and, unlo^ some peculiar conditions arc in somo way brought 
about, no change will tako place ; but, if it were possible to apply 
tho sptrk of life to it, as wo light up tho spark in tho other em. 
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or if, lis that is Ijcyoiid tlic power of man, wo substitute a liviiij; 
cioatufe, a coiiibinatioii between tlio cavboit of l!to aniiiiiil »m\ 
Ilio ^iiN will itnttitKUatcly begin, itn<l esrbonio itcid will bo 
formed hy tho waste of animal matter, ss in tho otliec case it is 
!iy tho (IcsfMiction of ttio carbon ; and, if there is not a frcsb 



d 



( ) B 



se h bo g 

lt.13 been insisted upon to be in every rctspcct analogous. That the 
rosnils rCGOinblo caeb other is true, but wo mnsl <mrefnlly distin- 
Kuish between effects and causes ; and tho results of cliotnieol 
dc compos it ion in inert matter differ from tboso In tlio Uvin;^ 
organism, 'f lie vegetable matter has lost tlio principle of organic 
life, and, Ihat gone, tbo tendency of all things bcinj; to bo resolved 
into their mMt sinsplo forms, a disunion of the elements com- 
mences : oxygon and hydrogen escape from llio carbon, and pass off 
eitliop in tho gaseous state or as water, whilst the earbon is lib- 
erated in a very finely-divided condition, and enters slowly into 
combination with oxygon sujiplied by tlio water or tho air. 
Hydrogenous compounds are at the same time formed, and, und<!r 
all those ciroumstanccs, as in all other chemical phenomena, an 
alteration of tempecaturo results. 

The animal tissuo may act iu the same way as platina has 
already been shown to act in produetng combination between 
gasra ; hit of this we havo no proof. Wo know that elcetrieity is 
ca|Kvblo of producing tho tequirod conditions, and wo also learn, 
from tho beautlfiil researches of I''ftraday, that tho quantity «f 
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iilJO JirKCTRTCITV AKll fBKBATION. 

cleotiicUy <levolo])Bd iluving decomposition, is exactly cijiial to fliat 
reqiiirud Eo effect tlto combination of Hie Mame elemmil^i. Thus 
it is c|U!to cJcnr that, during the combiiialion of t!ie eatboti of tlio 
blood with Uio oxygcii of tlio air, a largo amount of eleofriuity 
must lit-como latent in the eontpouiid. Tlio Eourco of tliis ko 
Ifnow not : it uiay bo (lorivecl from soioo Rocvet spring witliin flio 
living slrnctuve, or it may lio gallievcd fiom llio matter sur- 
roinuling it. Tliore is miieli in iicrvons excitation \f\mii appears 
liko olcctrieal pliciionioiin, and affempts liavo been frcfiiioiitly 
niailo to r.'for sensation to tlio nguney of electricity, lint thoso 
aro tlio dioams of Die ingenious, for wliicli tliere is lint liltlo 
ivakiiig leality. 

livery nieolianicnl niovomciit of tlio body occasions llio devel- 
opment of heat ; every exertion of tlio nuiRcles produces soiisi- 
blo Karintli ; anil, indeed, it can be fctiown by o.vpcriinont (hat 
every expansion of niuscular fibre is" attended willi llio escape of 
caloric, and its eonlraction with tlio ak-iorptioii of it. Thero ar« 
fow operations of the mind ivliicli do not excite the latent caloric 
of the body, and frequently wa find it manifested in a very 
romarliabli! ntanner by a suddenly -a wakened feeling. The poet 
ill llifi pleasure of creation glows with tho ardor of bis mind, anil 
tlio blnsli of tho innocent is but the exhibition of llio phonoino- 
non under some norvons excitation, praduceil by a spirit-disturb- 
ing thougbt. U'lins wo ECO that the processes of digestion and 
respiration are not fho only sources of animal licat, but that 
many others estst, to which much of llio natural lemporaturc of 
the body must bo referred. 

80 much that 19 myrferious belongs to the phenomena of lifn, 
that superstition lins !>ad a wido scope for tho csereiso of its 
intiuence ; and tlirougb all ages a jtowerfiil party of manUind 
Isave imanined that tho spirit of Inniian eoriostiy must iie checked 
before it advances to rcino\'o the veil f.oiii any physiological 
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ciiuseH, llenee it is tliiil even at (ho proseitt cloy so mucli tliat 
stands between what, in our igtioranee, wo call llio yea! aitd tlio 
BUpernatmal, remaina uninvesligatctl. I'.voii tlioso nien vpIioso 
minds aro skeptical w^cm nity dovelopnicnt of Uio liutlis of gruat 
naliiral plienocnena, — wlio, at all events, will Itavc proof before 
Hicy udniit tlio ovidonco, aro ready to givn credit to tlio grossest 
abKitrdiliCH which nsay bo jialmcil \\\ym tlieni by ingenious cliar- 
lofans, where the kiiIjitI h man ;uid liis relations to (ho Kpii'ilnal 
World. 

Man, and this rai^i.'s nl' aiiliiials \<y ulilcli he m surrounded, pre- 
sent a very strikinj; group, consider them in whatever light wo 
pleaso. The gradual improvement of organio form, and tho con- 
Boqiionl incrciisc of sensibility, and eventually llic devclopinciit of 
vcason, are tho grandest features of animated cieation. Tho con- 
ditions as to imnibcr oven of the various clif^scs nro not tlio 
lonst rcmarkablo phenomena of life. In the lowest orders of 
oniniak, erealwres of imperfect organiiaUon, — consequently 
those to ^vhoni tlm condilionsof pain must be nearly unknown, — 
increase by countless myriads. Of the infusoriu and other bein^, 
entire moimtaius have beoti formed, idthougSi Hiicroacopos of llio 
highest powers arc rutpiiied to dcicet an individual. Higher in. 
tho Boalo, ofcn among insects, tho same remaTkablo eondilions of 
incroaso aro observed. Somo silkworms lay from 1 ,000 to 2,000 
eggs; lire wasp deposits 3,000 ; the ant from 4,000 to 6,000. 
Tlio quoen bee lays between 5,000 and 0,000 eggs, according to 
IJurmeistcr; but Kirby and Sponeo sfato that in ono season tho 
nun»!)er may amount to 40,000 or 50,000. But, above all, tho 
wbilB ant (TermesfiUafis) prorluces 86,400 eggs each day, 
ivliich, oontinning for a lunar month, gives the astonishing num- 
ber of 2,419,200, a iMimbar far exceeding ibat prodiioeil by 
any known animal. 

Those may appear like the i-latoiucnts in ■ivliii;li a licllonii^t might 
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indulgo, but they nro tho nolior tnitlis discovorod by tbo most 
pains-taldiig oiid cautious obsa'vers. Aiid it is nceessaty lliat sueli 
conditions should provaH. These insects, mi\ all the lower tribes 
of the aiurnHl kingdom, furnish food for tho more elevated races. 
Thousands are born in on hour, iiud millions upon millions perish 
in !i day. For tho sujijiort of orgiinio life, like matter is rerniircdj 
and we find that the creatures who nro declined to bcconio tho 
liroy of others, aro bo coiistilulcd that they ]iapa from life Willi a 
perfect unconsciousness of suffering. As tho animal creation 
advances in sizo and strengtb, their increase becomes timiled; 
and thus they aro prevented from maintaining by numbers that 
dominion over tho world which they would bo enabled from their 
powors to do, were their banda more numerous than wo now find 
thorn. 

Tho comparntive strength, too, of tho insect tribes has ever 
been a subject of wonder and of admiration to tho naturalist. 
Jho strength of these minute creatures is cnornmns ; their 
mupcular (lower, in relation to their siiie, far exceeds that of any 
other animal. Tho grasshopper, will spring two hundred times 
tho length of ila own body. The dragon-ity, by its strength of 
wing, will sustain itself in tho air for a long summer day with 
nnabated siwcd, Tho housoHy makes six hundred strokes with 
its wings, wliioh will carry it five feet, every sceond. 

Such are the wonders of tho natural world ; from the Koophyto, 
growing like a flowering p!ant(^') upon an axis lllled with 
living pilh — a small remove from the conditions of vegetablo 
Ufo, upwards through tho myriads of breathing things ~ to nian, 
wo SCO the dopondenco of all upon these physical powers which 
wo have been considering. 

To traee tho effects of these great causes through all their 
mysterious jihnses is tho work of indiictivo sciente; and the 
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iiuUia discovered loud to fit m for t1io enjoyment of flio eteninl 
Ktitto'of liigli intoUigonco to wli'mli ovory human soul nspires. 

Tiiat ivliieh Iho jgnormt man cilis Uio super natural, Hio 
|i]iilosopher clnssoa amongst natural plionoinena. The idea! of 
llio credulous man beeoiiios the real to one who will bend his 
mind to (lie task of iaijuiry. Tlioreforo, to altcnipt to advnnco 
our liriowledge of tlio unknowii, to add to tho stores of truth, la 
an cmploymoiit wortliy tho high destiny of tho liumjin race, 
lianioiiihering that tlio rovcklions of natural science cannot iti any 
way injuro tho revelation of eternal truth, but, on the contrary, 
aiil lo establish in tlio minds of tho doubting a firm convietioit of 
its l>ivino origin and of man's high position, ffo need never fear 
that wo are proceeding too far with any inquiry so long as wo aro 
cautious to examine tho conditions of our own minds, that thoy 
nny not be made tho dupo of the senses 

In the 1 linos of the hilh ind valleys, m tho gnomos of tho 
L1-, prns in Ihe spirits of tho elcnionti, wo Invo tho attempts of 
tlio nund when the worll ww young tu givo form to the dim 
out^h I lowiiigi ot sotnothmg whtoh was thou t)lt to bo hidden 
behind oxtirnal nature 

In the Oread the Diytd md tha X i il we lin ih like 
manner, in enibolunoat of poiveu wln&h th pi t jihiioi iplier 
saw in his visions prasiding over the mountain, tho forest, and tho 
ocean. Oontont with these, Invested as they woro with poetic 
beauty, man for ages hold Ihoin most religiously sacred ; but the 
pi'oi^ross of natural soionoo baa destroyed this okss of oroatioris. 
" Groat Pan is dond," but the mountains arc not voicoloss; thoy 
speak inn mora oonvinoing tone; and, insfoad of the ear catching 
tho dying cc1u> of an obsoura truth, it is gladdened witli tho full, 
cloav nolo of Nature, in tho sweetest voice, proolaiming seorots 
which were ue'snowu to the drosins of stipoFstition. 
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<;ilAI"l'J'.R XM. 
CENKRAL COXCLUSIONS. 

TiiQ Changes proitiiceil ou I'tiyaical Flieiiomena by tlio Movement of tho 
HolBt SyslcmconBidcred — Eserlion of Ihe Phyoipal Forces Ih rough 
the Celostial Spaces — Tho BalniicDof Poivers — Variolies of Mailer 
— Extension of MRtlcr — Theory of Nonentity — A Material Cte- 
alioii, nnin(lisiiuloUel''acl — A<lvontnge3 of the Sliiily of Science — 
Coaclusion. 

Wj; liftvo oxmiiincrl tonoslihil iili(Mimiioii,i unilur nuiTiy nf (lio 
liarmojiious coiiilitions wliicli, ivitli our liinitcil inlelligcuce, wo 
cnn rcacli by llio ni<l of scioncc. Frotii tlio first oxiiibilion of 
force, in tho coliealoii of (ivo aloms, onnm-<l to Iho full dovolop- 
iMonE of Ofg.inic foim in llio iiigltost or(IoF of animslH, wo have 
oljBorved Btraiigo influences. Wo have BCen llio a)litary moloculo 
invested with peculiar pcojicrlies, and roji»itfttod by mighty 
forces; wo have lenrnod that the modes of niottoii given to 
this beautiful sphere produeo eurioiia changes in tlio operation 
of those jiowera i and wo may witli pafofy infer that ovovy atom 
ooiistituling thia globe is hold in wonderftil suspension against 
cvory atom of every star, in (iiO nolestial apaccs, avon to that 
bright oib in tho conlre of tho Pleiades, around which tho entire 
system of created worlds ia supposed to roll. 

As wo move around our own sun — in tho limited period of 
865 days — wo osperieneo transitions from heat to cold, deppnd- 
ont upon oar pMitlon in regard to that luminary. May wo not 
therefore conclude, without being charged witi making any 
violent deduction, tlmt, in tho great rovohtfion of our xjn^teni 
iirouiid tho centre of space, we are undergoing gradual changes 
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■wliicli nro cffcntliil to tlio gront Kclicmo of crcalioii, tSiough at 
present iiicoiiiprclicnsiblo to us? 

In our consideration of ttio infliiciico of lime on the strucfiiro 
of tho eartli aa wo find it, wo discovor that, in iigcs long \)Mt, 
tiio vegelfitioii of tho tto|!ies exifitwl upon tlieso noitliom pavfs 
of tho globo ; nntl geological rescaroli has also proveit tliat over 
tlio same lands tho cold of an arctic winter niiifit ha\'c long ju'e- 
viiilod — the immcnEo glncicra of that period having left tlio 
ninrkfl of Ihcit movements upon the face of tho existing rooks. (^^) 
A\'c know thol during 3,000 years no change of tempcratnvc has 
taken place in Iho l';iuO]ienn cljmato. The eliililrcn of Israel found 
llio dale and the mmo flounshing in Canaan; and Ihoy csist 
tlioro still. Aiago hns shown that a trifling alteration of fcni- 
poratiiro would hue dcMrojed one or tho other of Ihcpo fruit- 
boaring trees, wuce the \ino will not ripen where the moan 
lomperaluvo of the yeai is higher than 84°, or tho date flourish 
whoio it sinks below that degree. 

Jiow iminenso. then, the duration of timo since these changes 
must iiftvo taken plaeo ! Tho 432,000 jeara of Oriental mythol- 
ogy is a period scarcely commenBurablo with (hci^i effects j yet, 
to tho oreatuTo of threescore years, that period appears an 
eternity. Tlio tbirty-threo millions of geographical miles wbieh 
our solar system traverses annually, if multiplied by throo thou- 
saiid yoais, during which wo know no change has taken place, 
givQ m 93,000,000,000 as tho distance pas-^od over in that 
period. How wido, then, must have been tho journey of tho 
system in space to produce tho alteration in tho physieal powers, 
by whioh these ehanges have been effected ! 

We have an oxampk, and a striking ono, of tho variations 
yfhieli may bo produced in all tho physical conditions of a world, 
ii! those diaturlaneos of Uranus which led to tho discovery of 
Neptune. For thirty yoara or more certain iwrturkitions were 
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I in this dtslant planet, the diKeavery of Bir WiHimn Hor- 
sclid. Olid cale«la(ion poinlcd to pome still inoro lonioio mass of 
nialloraslhe cause, ^htehhasWn vciifiGd by iisaciiial discovery. 
But now TJrnnus is at Fast ; — quietly that (star progre.iscs in il3 
appoiiilcd orbit, — Neptuno can no longer eaHse it to rock hjjoii 
its centre, — they aro too remote lo prodticc any Kcitsihlo influ- 
ence upon enoli other. ConBcqiieiitly, for thir y years, it is 
evident, plienomena must have occurred ou the surface of UranuB, 
which can lie no longer repealed until Ihc.^o t\s'(i planelK again 
arrive at the same positiojis in tlieir iCFpectivc pallia wliioh tlicy 
linvc occupied since 1812. 'I'lieso eon side i« I ions asf-ist ns in 
our attcnipls to comprehend infinite tiino and Bfiaco; but tho 
liuiiiun tiiind fails to advance far in the great sublimity, 

Through every inch of space we have evidence of (he oxerciso 
of sucli forces as we iiavo been considering. Gravitation cliaina 
world to world, and liolds tlictn all suspended from llio niyslio 
eenlro. Cohesion binds eveij mass of matter into a splicro. 
Ileal, radiating from one planet lo anollier, does ils work in all, 
giving variciy lo matter. Light seeks out every world — caeti 
Ircinhling slar tells of tho niyatety of ila pretCiKe. Where light 
ami heat are, chemical action, us an aesoetatcil power, must bo 
present; and cleetjicily mmt do ils wondrous duties amongst 
thein all. BIndified by peculiar ]ir(ipcrlies of inaltcr, they may 
not maiiilcst thciopclyes in phenomena like those of our terres- 
trial nature ; but the ovidcnee of light is a sufficient proof of tho 
presence of its kindred elementB; and it is diflieult to imagine 
all thei-o jiowers in action wiihont producing Komo form of organ- 
i/a!ion. In tho rounded |iebb!o which vio gather from the 
teashoro, — in tho medusa 9f»liiig bright with all the boauly of 
prisiuatie eolour in the Eunlit ^eu, — in the animal, iiiighly in 
his Btitn^h, roaming the labyrinthine forests, or, great in 
inteliigouce, looking from this to the mysteriee of other worlds, 
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-•—in all efcated tilings liroand 113 \so '■00 direct o^itlcnca of a 
IjDiiuliful ndjuahnODtrf tito bilaneo of K rto' and fho hiunonious 
iiirangemont of projioitios 

Ope atom la removed from a niTss and itn charsctci is 
cliRiiged; oiiu forco btmg rendered wioio acfi\o flnii anothoi, 
.ind the boity iiiidcr its mfliionco co'iMis to 1)0 tlio f-anio m 
eoiiditioii. Ihe icyiJntion wliji disjm'^cs llio ornngtpioiib of 
matlcv on Ihisentli 1 lust c\ist lluougb the cokilial ^pin-s and 
every iilmict lioars tlie ^■^ltlo ichtDii to t,icT\ oflici giittwing 
1ISHS3 ill Iie!t\en8 ociaicliing iniioii) us one itoiii bcnra to 
anotlior in iho pcbtik tl n cdii=*i the lion 01 II10 man An 
iiulissolublo bond unites thoni ail mid tlio j,riin of ^and wliioli 
lies buried !n tlio dqitli of 0110 of out priinaij fiimatioiis holds 
cliiiined to it I y these -ill |>or\BdiHg loue the «noouii((.d woilda 
wliioh, like huiiiiious sand, are siirinlded by the hand of the 
Ciualor threugli the untvei'so, 'i'lius wo advance to a cencotrtian 
of the oneness of creation. 

Tho vigorous iinnd of that iinmovtal bard vfliosang "of man's 
lii't-t di soiled ioncc," never, in (ho highest raplnro, the holiest 
(liineo of jiootic oonecploon, dreamed of any natural truths ko 
Tiublimo as tlioso which seiencc has revealed to us. * 

The dopoiidcnco of all the .'iystems of worlds upon each other, 
every dust conijiosing eacli individual globe being " weighed in n 
balanoo," lUo adjustment of tho powers by whicli every physical 
euiidition h onlcrcd, the disj^^itiou of matter in the mms of tho 
ciirlh, and Ihocloso relation of tho Idngdonis of iiafiiro, — are all 
levelaiionx of natural truths, exalting the iinnd to tho divino 
eoficoption of the univer^. 

There is a remarkable auta^nlstu displayed in tho operation 
of nmny of these focees. Gravitation and eoltesion act in 
ofiposilion to !bo rojiellent inHuenees of caloric, fjlght and heat 
are often assoolittod in a very rcniarknlilc manner ; hut they are 
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S14 ,omi 01 im: iu.kuknts. 

e tn 1) tlertaJ nt^tfcs intgoiiK toole nl ao o 
ylcti [ o\ eel iy tlo 1 I n^e ej f ac( for o 
II ougi t! e tern E I ato xc t t of (1 o leut 1 r t 
( ) \. I relat o to cl en al fo c (. f ste i g t, 

CO I nat ona wo li a tbo all po orf 1 oj c ( o of j e e t 

J, n J osc of ta I oo p g p or{ ) As w rl<i a 
Mne I „ t oil do o ho ll o I anraUc 

tlo o[,etaUo El ct c tlocrjslll <!l{,t> r n tl o lo 
oclv f Toglel ng t fo c n I tl o I I co la ), > 
t n I II y J 1 t bS J 1 I I o o a I nt o of 

lie lean nl elect (y I Xc& tl o sio Ic 1 1 eart w ll Ic or nt 
tlio niiglitof its dovBstiiling poiTCi'. (^'^) Heat mulls tliu liardcfit 
roelts, and Ilio eartli trembles Viilli volcanic slrugglitigs ; aiitl 
Relitiie agency, being frecil fjom its cliniiis, Kpccdily spreads 
ilocay over Hie beaiiHful, ami icmlcrs llio lovely rcinilsive. 

We know nmlter in iin infinite viiriely of forms, from llio most 
jiondorouii metal to IIlo lighlcst gos; and wo liavo it within our 
power to reiulcv ibc most solid Ijodics invisible in tlio condition 
of va]>our. la it not easy, ibon, to xinderstantl lli.it mafter inny 
exist ofjually Atteiuialed in rclsfion to liyilrogeii, as tliat gns ilself 
is, \ihen compared wilh tbe nielal [ilatinum? A doubt lias been 
laiwd .igainst tliis view, from llio dilliculty of accoiinling for llio 
■ parage of tlie physical olcmeiifK tlirougli sotid niawea of innttcr. 
If wo, however, remember tlm6 the known gases liavo llio i)Ott'cr' 
of Ivnnspiralion tlirough Bsattor in a roniarkablo degree. C*) 
and tliat the jjassago of \raler throtigli a sieve may bo iiravoidod 
by heat, it will Iw at oneo 8j>|»arcnt lliat the jiormeatioit of any 
ladiant tody through fixed solid matter, is cnliiely a (jjui-xlion of 
tonditioiis, 

Wu cair form no idea of the am of ibs' nlfiinHli! iiLioi ; wu 
eanniit comprehend the degree of elhorcalixafinn lo whieli inattcv 
may ha exlcndcil. Oar atnio.^jiheri!, we bavo s-en, is onlj 
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another conilition of ibo Gamo oloinonts whtoh compo=o all the 
oigani/eil forma of iniUor U[)on iho utih ■iiid at the lui^ht 
rcaolied liy iiian, it h m a state of c\[rtmo attcnuihon What 
must bo its ooiicUtion at (ho dial-Knco ot forty milei froin tho 
earth ' Actortiing to known hwij cortim phciioin )na < t 
rcfnclioii have led us to set (hcso bounds to tho imttor consti 
tuting our gloho : but it may osi&t in such a &lato of tenuity 
tlijit no pliilowphical mslrumoiit tomtiudci by human h-imln 
couUl meawro Its lefraUmg power , inil ttlio bIi 11 IllIoio with 
coitainty that matter itself ninv not bo as fir ex-tcii led as no 
suppose ila inftuonces t> bo ! 

"llast thou [lorccivcd tho breadth of tlia oarlli 1 dcolwo, if 
thouknowost it all, 

" Knowost tliou tho ordinanoos of lioaven ? (Janst thou set tho 
dominion thorcof in tho earth? " 

A cheerless philosophy would toach us to regard all things as 
tbo more oxliibjtion of properties, a. manifoslatton of powers ; it 
believes not in a material creation, 'i'ho grandeur of tho earth, 
and tho beautiful forms adorning it. aro not ontitioa. Yonder 
osquiuto apeeinion of tho skill of man, in which injnd appears to 
diino through tho niarblo, — that distant mountain which divides 
Ska clouds as they aro driven by tbo winds aoross it, — those 
trees, amid whoso branches tbo birds make most inclndiona 
ijQuaio, — Ihia flower, so redolent of perfume, so briglit iti colour, 
and BO syraraetvio in form, — and that lovely being who, a 
model of beauty and grace, walks tbo earth an impersonation of 
love and charity blended, making, indeed, " a sunshine In n 
Bhady place," aro liot realilias. Certain forces combine to 
produce offcets, a!! of which unite to deceive poor man into tho 
beliof that ho is a material being, and tho inhabitant of a material 
world, ^'horo may bo ingenuity in the philosophy of (his 
Hchool ; its metaphysics may be of a high order j but it evidently 
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ndrancoa from (lio real to the ideal with such nijtuUty, tliiit crery 
nrguinent is baseil on m ssxmiqit'mi wiiimue o piiioC; livi'cy 
assumption being merely a typo of the philosopliy ifKolf, — a 
liaselcss fabric, n ti-BnaMndental viBion. 

A matorial ereatioii surromtds uk. This eatih, and liH that it 
coiitiiins, and Iho irmncnsc lioats of Btollar irorlda, itie abKoIuto 
entities, aurrountlBil wiib, ai«i intcrpoiiolk'atod by, corlain os- 
liibilioiis of ercfitivo intelligence, wliicli perform, according to 
fixed laws, tbo mighty labours upon which depend the infinite 
and eternal mulaliona of matter. 'I'lio origin of a grain of dust is 
hidden from our finite comprehcnKions ; but its oxiafeneo should 
bo a aonrco of lioi>o, that (lioso inituls wliich are allowed tbo 
privilege of tracing out its marvcllouK properties, — of cxnniiiting 
tho empyreal principles upon ivhieb its condition, as a grain of 
dust, depends, — and oven of reducing tlicso giant nleincnts fo 
(loom- human bidding, — may, aftorn period of probation, be 
adiisiftcl to tho onjojnicnt of that inliiiito power to whiuli the 
great secrets of creation will bo unveiled. 

Kvory tiiotion wbicli tho accurate search of the experimentalist 
haa traced, evci'y prineipb of power which tho physicist has 
diseovorod, every combination wliieb tho cliemist haa detected, 
every form which the naturalist has recorded, involves inflections 
of an osaUing obarncter, which constitute tho clomcnts of tlio 
highest ^elry. Tho philosophy of physical scioneo is a graiid 
epic, Iho record of natural science a groat didactic poora. 

To study science for its useful applicatioufl merely, is to limit 
its advantages to purely Bonsual ends. To pursuo science for 
the sake of tho truths it may reveal, is an endoaTOur to advance 
tliO olcmentg of bumau hairiness through tho intelligence of the 
race. To avail ourselves of facts for tho improvement of art 
and iiinnnfaclurca, is the duty of every nation moving in (ho 
advance of elvi ligation. But lo ihm from tho great truths of 
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Ftipiifo iiiloHiiiiblo infLnences ami ninMerly (ie'ludians, ami fwm 
(liepo to ndvjnec to ihhv mul lii'iiiili["iil tili.-sh'autioiie, is a ini'iifal 
cxerciiio whii-li tciidh lo tlio ii'liiiciiunt ami devatiou of cveiy 
liuni un feeling. 

'I'lio iiiliiii ilii)3 uxorciscd ilufirig llio liltil-<ifi^ uf lifi.', will liit'l 
ill tliD ttriliglit of ago a (Uvino sotcnily; aiitl, charjiicil liy tlio 
nmsio of nntoro, wliicli like a vcqior liymn pomi'd fuilli i'lmn 
pioiis sciuls, [iroelaims in devotion's juivost slraiii thoUopitiiro 
of day, lie will sink into t!io repose of t)in( iny!>lL'riou!i niglil 
ivliioli DiTiiitH ti3 all, (rnnquii in tlio 1in|)[>y cont^cioxisticss that tlio 
Buii of liuth will rise in unclouded l>iilUan(iy, ami plaeo liiiu in 
lliD eiijoyineiil of tliat intelleetiial liglit, wliiaU lias over been 
Biuoiig tlio linlic&t a.spiiations of the liunian raco. 

Tlio task of wielding tlio wnud of fioicnco, — of staiuling ii 
Ecioiitiiic ovoealor witliin the clinvnied citelo of its powers, h ono 
whiob lends the mind through nature up lo iiafuro's God. 

ExpoTiiDont and oleervation instruct us in the diaeovcry of a 
fact ; — iSiat fact coiiitcets itsoif with natural jiiienomcna, — tha 
ultimate cause of which wo learn from Divine rovclafion, and 
receive in full helief, — but the prosiinate onuses are resCFved aa 
trials of man's inteHigenoc; and every natural truth, discovered 
by induction, enables the contemplative mind to deduce tboso 
perfect laws wbieh are oxempiifteatioiw of tlio frcsli-springing 
anil nll-cndurinj' Poetby Of Sciesos. 
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(1) p. 28. — The view cntcitnhica by Dr. l'nt,i<U)-, ^Yllil:ll will he 
coinprolioiiilinl from one or two ahort txttncts fioiii lil« inliialilo and 
sngmstiro pnjior, clniiii» attention : — 

" If the view of the constitution of mutter alrcn<\y ipfcrred to bo 
aasiiiiicil to bo correct — anil I may bo allowed to apeak of tlio patti- 
olos of matter, nnd tlio space between tlicin (in water, or in the 
vapour of water, for instance,) as Uvo diflbroiit tilings — tlio space 
iiivist bo laken as the only continuous part, for the pnrtioloa arc coii- 
Bidorod as separated by space from each otlior. Space will ponnoatc 
all masses of matter in every direction like a not. except ttiat, in the 
pitt«o of mcahos, it will form cells, isolating each atom from iU iio^li- 
bouni, and ilaolf only being contimtona." 

Examining the question of t!w eondaetlng power of different bodiCH, 
and observing that as space ia tbo only continuous part, so npaco, 
ficcoiding to the received viaw of matter, inuHt bo at one lime a 
conductor, at oUiors a nou-coiiductor, it is remavkod : — 

" It would BGem, therefore, that, in accepting tito ordinary atomic 
thcoty, space may bo proved to be a non-conductor in non-eondueting 
bodies, and aooiidnctorincomluetingbotfioa j buttherea^oiihig imdn 
in this—a subversion of that thoory altogothor ; for if ^<aw, be :"i 
insulator, it cannot exist iaeondacting bodies; and if it l>o .-i ooiiduc- 
tor, it caisnot exist in insulating bodies." — A Spectili''.''m (oiicliuiii 
y.'m.-k. (•oiiilm-Haii, and the A'aliire of Matter : by Miohaol ravii.lay, i). 
(;. 1,,, I'". I{, S., &c. : I'iiilosophieal Maganlne, toI. s^iv, Tiurd 

See aiso WoUaiBton, Oa the Finifa Exleiil of the Atuiosphfs. — Phil. 

Trans. 1822. 
— ■ Young, Oh the F^seatlal Frefieytiti of ,1/aKer.— I.ectuvea on 

Natiirnl rhiloeophy. 
— MosTOlti, On Molecular Jrfioji. -—Hciontiflo Memoirs, vol. i. 
p. US. 
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(3)1) 30 —"Motion, thcrefoK-jisaehBiigo of reotilimarili'ilanco 
bctHCCHtivo pomti AHosim^' t)io mfmnpi ot thii <\'!lmtinn, il 
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\uon. 

(') p 30 — " iho poaidoii uliicli I HOok to pslnlilnh in tint, e^tfty 
13, tlint the various imitondornhlnn-ciifi.-. nr !ttnff (iiiii of iiiHlltr 
■nhithcoiiMitutotUt main I'li t 1 ;/ henl, 

light, cleetcicity, aj, ic o a I 

correlntlvc, or hav «■ tn), 

olislvactodly.cftu besa t nj i 

othoia; liut that o he t Jo 

into, Hie other; — th w hot may n 1 o 

olcotricity, olocttlcl^ may producD 1 

Althoxigli Ktrongiy n i e t o « 

ofmattcr, wiiiei> I ia o Ij I 

resolyrai into moilcs of n t 

to tissxtmo their idcnt j p 

referoHCO to them ni i f 

mntler, which iiidi eels osoag -— ( Ae o a a J 
I'ht/sieal Fareta: by ^\ R G ove I i M V 1 It S 

{i} p. 30. — Whe I TO as ng the h)pothc i. ol Jlobbcs lA^>t .,; 
bodg can jwii/% he tuoved iiil bi/ a tmil;/ cmtigiioas and moned— Boylts 

" I tlpmfliiil how there eomes to bt- locnl motion in tha woviil * Fot 
ciriiei- all the i>oitio!i3 of matter thaS coiiipgiio the nnivotsB have mo- 
tion belmigiiig to their natures, whiclt £)ie Jlpiciiicansanivm for thitii' 
atoms, or some jiarts of npttor h4>'E fhts mottye power, nitii soma 
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have not, or olsc none of them huvc it i but nil of thpiii are tinlurally 
dc\-ofd of motion. If it bo graiitcil thiit inoUoii deea iiaturHlly bi;- 
long to all p&vtn ot rnntter, the (li9|iuto m at an eml, tlie ooiis!i'*iii!!i 
quite oveitooiving the hypoihcsis. 

"If Mr. Iloblics should reply that fho motion 19 iriijii I'S'scil iiiioii 
Buy of tho jwtts of msttcr by God, ho will sny (hut wlsiijU I 
most readily grant to bo true, but will not BCrvo hi* tutu, if he would 
Bpenkco g o ely 1 1 so n Itypothcsis. l^orl di^innnd whether 
h S 1 hat the assertion has rceonrse to, lie a porpon-nl 

cof If it bo thplalt^v, .T-'I \-rt fill- ft'iHoiit 
hen it will ii"( ! " ■■■ ih:,t 

olos that God m..v< -, . jU. ^ iimr, liintoty 

an) other iiniiiutorial lifiivi!, iiie not iiiovml 

by holy CD tig a b tb> a ineor|iOTcal spirit." — Some C'oniid- 

e o safio he Rco le b>e esiof Ueivton and JMiglon .- Boylo, rol. 

f! 1 5ia 

(*) p. 31. — Boyle linssome int-cnious sjiecul aliens 011 this point : — 
"Tliat tliere is local motion in many parts of matter is manifest to 
BCiiSB, bnl iiow matter caine by this motion was of old, and is still, 
hotly disinitod of; foe the ancient Corpnscnlavian philiisophfra 
(wlioso doctrino in most other points, tlrongh not in all, we are tlie 
imwUneliiiMblo to), not nelinowloil.'jin™ on msthov of "' 



liflth continued at rest, so long ns other bodioii do not pnt it out of 
that state, may by externa! agents bo sot a moving ai""!" '• ^> "'''" "'" 
not wont to think a man tho woi-c iiiiiniMli-t fnimiilitiin;;!!! nthrihi, 

shall not Rcrnplo to say with an inil - .'.' .:■,...- '•>, ■,']■• imxT 

find to have proijoswl among tlir 1 ■ 1 n^iin) 

that the oxeeHentDcs Cartes ha- !v, Li ■ ,( n.ii.ii;;. .:-.,ir,:- ^n.-oii^iu 
of motioii ill iiiatter is from Goil; and not only so, but liisit liiiiikinj- 
it very xmfit to bo believed, that njattcr barely pat into motion, ami 
thon left to ilsoW,9houldcM«allycon3tilato this bcaatiful nnd order- 
ly world; I think also futthct, that the wiae Author of things did, 
by pstabiisliing the laws of motion Bmong bodioa, snd by guiding th« 
first motions of the smail parts of mattei*, tmng them to convene after 
tho manner requisifo to eompoao (ho world ; and especially did eon- 
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tiivo those eittio^ end clBbomlo engines, the bodies of IMiig 
etcftturca, endowing most of them wilh tho power of propagating 
tlicir siieeies." — Catisideraiioiia ami JBxperimmla taaehiii'j lh« Uriiim 0/ 
Ihn,>s ,.„d Quallliei : lioyle's yVovks, vol. it p. (80. IMiHbufjjh. 
IMS. 

(_''■) i>. Si. --CmXwaith.' a tnlel/ecliiai SifslniH. 

(') p. 9, —"According to the I'ythagorenns aeid I'klonists, there 
is n life infuaed througliout all things .... an intollectiiul nnil 
nrlificlal lire — nii jiiward priiieiiile, nniiiial spirit, ov nntuml lifo, pro- 
ducing or fotniing within, ns nrt doth without ■- rcgulnttng.iiioderHl;- 
ing, and reconciling the vBilous motions, ri»atitics, and purls of tho 
inundnno syetcni. J(y vittiio of lliis lifo, the great masscB are hold 
tflgolhcr in their ordinary conraos, as ^¥oU as the miuutoBl pnitielcs 
gorcrnod in their iiHtiiral motions, accflrding to tho aovcrnl kws of 
attcnolion, gravity, electricity, niOf;notism, and tho rest. It is this 
IjlveH instiiicU, teaehcs tho spider her web, and tho hoc hor honey ; — - 
this it k that directs tho roots of planis to draw forth jviiCB from Hio 
earth, and tho leaves and tho cortical vessels to sei)arflte and attract 
BHoh particles of air and olcmenfat)- fire as enit their rospectivo 
natures." — Bisliop Berkeley, SiWi, No, 21 7. 

(S) p. 31. — " The revolution of tho earth is performed in a jiatnval 
day, or, more eCricUy speakiug, oneo in 23h. 56' i", and as its mean 
circumforonco is 24,871 mites, itfoUownthat any iioint in its equato- 
rial surface haa a rotary motion of nioro than 1,000 miles per hour. 
This -velocity must gradually diminish to nothing at either polo. 
■\yhilst tho earth is thus revolving on its a^iis, it has a progrossivo mo- 
^ouiu its orbit. If wc tako the length of tho earth's orbit at (130,000.- 
000, its motion through space must exceed 08,^90 miles in the hour." 
— EliC llrit,.<4rf. I'Ayskttl Geei/rajifiy. 

( ■>) p. S3.—" Hero then wo have tho splendid te-sult of tho united 
Btudii^ of .MM. Argclandcr, 0. Struve, nnd Petem. grounded on ofecr- 
valious nuido at tho three oijaervfttorics of Dorpat, Abo, I'ulkovs, and 
which is ctprcBsed in tho foHowlug thesis ; Tho motion of tho aolai 
systeminspaco is directed toHjiointortheceleatial vault sitnatedoii 
tho tight line which joina tho two stars n and ,, llereitlh, at a f]HavEcr of 
the apparent distance of these stare, reckoning from 11 Ihreidh. Tho 
velocity of this motion is auch thaS the sun, with all the Iwiliisi ivhieli 
depend upon it, Bdvftnees annually in the abovo direction 1.033 tiines 
tUo radios of the earth's orbit, or 33,530,000 geographical ud!c^. The 
pMsible error of this last number nntouuts to 1,733,000 gooKraphieal 
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milKi, or to a teveiith of the wfeolo value. Vio may then wager 400,000 to 
I tlint the sun has a proper progtcssive inofion, ntid 1 to I that it i« 
tnnipriscU between the limits o£ thirty-eight and twenty-nine millions 
"f geographical ndlea." ~ mudet ^Aslronomie Slethire; Sur la Vote 
l^iclle il iiir ie» Dialimctt flet EtgiksFixa; M. F.W.O. Struve. [A 
vepoiC aildtcKcd to hisKsceileijey M. LeOomtc OnvarolfiSrinisterof 
Public liislraotion and President of the Iinpcrinl AcBduniy of Sciences 
at St. Potetshnrg,] 

('") ji. 3li. — " The (list ^rcnt iiH<^"t which the nnsljsis of iinturnl, 
]>liciiOMK iui olfcr.-i to 0111- coiisiiknuiini, nioro frcfiHCiitly iiud promi- 
iK'iiily tluin :iiiy other, is lone. .U^ ellbels are cither, 1st, to coun- 

e-li'i'/ibi-iiim ; or, '.hiilly, to jHodiieo moii'm in mutter. 

" Mutter, or fliat «-1uitevpr it bo of iihiclt nil the objects in natnio 
which ninnifcst themselves directly to our senses consist, prefcnta us 
with two general (jUBlilios — wliicli at first Hight appear to stand in 
ennttadirtion to each other — activity and incrlncas. lis activity ia 
jiroveil li\- its jiowcr ofaimninueously setting other matter in inolJon, 
iiiid of il-<elf oboying tlicir iniitnal impulse, and niovi'ig under tho 
iiilhienee of its oivn and other force; inertness, in refusing lo mova 
unless obliged to do bo by afcrco iniprcgeod extemnlly, or mutually 
exerted between itself and other matter, and by persbting in its 
'stHto of motion or rest unlesg disturbed by some cxtomat omise. 
Yet, in reality, this conttadietion ia only apiiarcnt. torco being the 
eansc, and motion tho effect produced by It on matter, to say Hint 
"lattor is inert, nr has inerlia, as it is termed, is only to sny that tho 
einiso is cxi>ondcd iit producing its effect, aivd that the same eaiiao 
eimnot (withoxit tcnowal) prodneo double or triple its own proper 
clfeot. In tliis jjoint of view, e<inilibriiiin may bo conceived bk a 
(continual production of two opposite cffcofs, each undoing at every 
instant what the other has done,"? — See Rontiniiatioii of tho 



iiiSnmont, in llenche^a Discoviaoon t/ia eludyof Nalurat PbiloMi'h;/, 
itii-io 223. 

In Utc Kdinburgh Kew Philosophical Journal, vol. xIt., ivill bo 
fiiiind apajier by Br. Robert lirown — " Ofthesoiirees of motions upon 
the liarlh, anil of tie taeatia hi/ tehieh Ifui/ are lualoinerl," which will 
well repay an atlentivo perusal, as pointing to a class of invcstigatieii 
"f tho highlit order, and containing dcdnetions of tho most jihilo- 
stiphio dracription. 

C) p. 3i. "— Frietion, it is well known, generates heat ; by rapidly 
tubbing two sticks together, tho Indian produces their ignition ; heat 
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and I'igM being both ijiaiiifealefl. VnHiir e%-cry incplinititBl fUstuib- 
aiicc eleetriesl ehangos can be detected, nnd tlio ncUon of heat in Uus 
ooinliusiioii of the -wood is a chemical plicnonieiioii. 

('S)p, 35. — C^jmt Rumford'a expcFiincnt coiiBiBtcd in jtlf«;iii« a 
joass of liiotnl in a box of water nt a known tcmpcifttuif, iiiid, by 
employing b boring apiHirfilHs, ascet-taiinng eatefiiliy the ineieflse of 
bPiit nftor a given number of icvoliitions. lie thus describes liis 

" lIv.TvibiiiK being ready, I proceeded to inako the cs.]ictlmeiit I 
}ii.d vNjjii'icil. intliofoUoivingmnnnev: ITie hollow cyliiidei' having 
hiiii i>n\ii"i.ly cltniied out, end Hie inside of its l)oto wijied with a 
(lij.ii um-A lili it H-ns quilc dry, llio siinaro iron linr, willi Ihe blunt 
sfuclboiiLT li\odto the end of il, was put into its plHCOj the mouth of 
the boic of ihfi eyliiulor being closed at the annio time by mciins of 
tbp rivculdr piston through tho coivho of «hu,h the iron bar p»b9(d 

'■ Tliis beiui; done, the bo^ nas ynt lu lis place , mid tbi joiniii{,8 
of tho iron rod, and of the ni.olt ol tbo t\ Under with IIiel«o ends of 
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miLiit, tht iomperatiiro of (hu m«1 i 
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tho British Association at Cambridge, wlibh was afterwatdB puWiahed 
in tlic PliilosopMcal Magaztiic, and from tliat jouriinl tlic fotlo^viii;; 
iioticisi oi'O exiiaeted ; — 

"'Ihe HppBi-atuB exhibited before tho Aeaooiation consisted of a 
bmaa pnddle Mhool, 'Aorking hon^onlRlh »i n can ofvntcc Mnlioit 
(oulrt b<'ii>i!>'ii!i'itfftl'd 111 tlinijulillf ^•^ loi ins uf «ti hi i.ulUis, 

V tT . , 1 1 , 1,1, u I 



linn of the pndrtlc Altci thit apu u 
1 limes Uic meieiibo of iht tinuiLiMui 
I b\ means of a iicj oeiihiblo ind i 



"Any of your readers who are ao forliiiiBte as to reside amid tho 
loiiiniiUc ficcnory ofWalcs or Scotland coithl, 1 doubt not, confirm my 
CK|)CrUtieiitshytr>-iug the temperature of tbi.'i™iii- sii die I'h' smd !it 
tho bottom oEneiBcade. lEmyvicnabeiinn'. . i n . . , . ■ hUI 
of eoutaogenerfttc one degree of heat, and itu' '.■ . , ln>r 

Kingnra ivill bo raiaed about oiie-Iifth of ii il< ;.. ,■ m n-. j .u .,i iiSO 
{Vlit."'- rMalimi'etiBecaUei!ta»dMec/:ai.k<ill\w;T^ i-iiiio.iiipli. Mi.;;. 

(")p. 36. —'lliroc liyimtlieaes may bo used to account foe this itio«t 

iBt, Tho body shines by its own lii;5it nnd Hien explodes like a sky- 
rocket, breaking into minute frBgiucnts too small to bo nny longer 
visible to the naked eye, 

2nd. Such a body, having ahono by its own light, suddenly ccMca 
to he luminous. "Tlie felling ilara and othc* fiery racteors which aro 
frdjuently seen at a coasidcraMe height in the atniosphcre, and whidi 
have rccuived dilferent names aeeording to Ibe variety of their li^rn 
andsbic, arisefram thcfermentatioiiofthecllluviaofHtidaiidaJkalint! 
bodies which tloat in tho fltmwsphere. When tho more subtile pai^ts 



h, Google 



of the eniuvia aro bunicil away, the vlaciKis ami carthypm-ta liecome 
too heavy for t!ie nir to stiiiport, and by their gravity fall to the eaiUi." 
— Keith's Vssofiha Olobit. Aceoriliiig toSiiIEutn|ilttayDHV)') i 



I'liilosophical Tvanaaetioiia for 18i7, 



" tho luminous oppeatniiiM^B of 
iiigtoanj iuftiii iinti 11 of 

eliMi 1! 1" 1 I f I i 1 1 fl ^ 1 11 iHoMloilitji. 

s 1 1 BJidssi'iCitiiho 

viiil other«ordB is 

cell] laet of ll e nt r'B 

ili^ 11 t or of iti! 

dulincc ] ui tl a 111 t t bo n 

Mitclhtc of the larth t) on tliD 

iipoe'iity of il» bci ig at i I co - 

much ucatpr than tho moo oiii tec 

Su trs\eriiit tho air uould be so grc it (ho 

ll mtl of our all losjihcio s i .? H / /jw- 

(/f,s_SiiJ 1,\ iHbboek OiSSo ^ US, 

P B> 

Sir J. T.iibbock nlno published a wiiiilpintiilnr* piipi-roii Ihi, HUino 
aiihjcct, inNo, 211 p 170 

Mr. 3. V. Joule llltcl^^lll^ mi 1l\|iiiI]i( i \ J'h u [ m t to Sliootllll' 
Store similnr to thnt 8fh( I '11 i ii' I i linltono 

Btonca, nmt he reckons tli itmotiiiv 

bodies by their vioknt cnl'i i i u maik 

oblo iUllBlrHfioii ol the ilmUm .it 11" urn n.ji , .i ir it to mo 
chnnieal power, or in una 

If wosuppoae a inoicotic alone of tht. lue of a ■< 
our otmoaphoroBttheiBtcof,! lid i imli pi-- 
mosphcro being T^s"f If"' ''' ' ' '' '' ' ' 
oil'erEil to tho mofion of ili 
iim. i ami if tho stone ti i\ 
resititance, atillicfcnt heat \ ill t i I I 
FohTCnhcit to 6,987,186 lbs ul ii itci 01 to it 
jiottion of thia heat 'stiUbc gt\cii lo tho displac 
ofwhicli wiUsuetmit theshock, -fthii-.( oitli the ■iiufmetit thi r 
■will be in violent eolUeson ivitii the alino^phete. llencu tlio » 
may bo coii£i(lci'c<l as placed in a blast of iuteiKcly hcatvit air, 
heat being eominunieated from tho surface to the centte by 
diiEtion. Only a bibaII |«>rtion of the heat evolved \vlll thi>r(?foi 
veecived by the atone; butif ivcestiiintteitiitcnly j ,', ,.■ i'. ■■■ i'.bti 
eqlialto l* Fahrenheit i!ei'09,G79 lbs. of water, a ifi, ' 
lo the mgltiug and disBJiMition of any miiieiiali ci . . ' : 



inch ciitioto eiitir 
indoftLmcthoBt 
Uto tli< rciNuHco 

l.o«tIpa« fll.fiOO 
i> this amount of 
ipcrt to R1\0 1° 

by fni the InrKcst 



h, Google 



X0TK3, 337 

compoBud. •— -Mr. J. ]'. JouIp, iJuShaetiwj .Slur»: I'hil. Mag. No. 216, 
1>. 31g. 

(") p, 37.-— "IjftjJauotoitjcctureBthat in tlie ovigiiial eondiUon ot 
the BOkiir sj'iteni, tho shu revolved upon his aid*, sutroundcil hy hii 
ntmo^phcro which, iu vittuo of an excessive heat, extcndc^fai beyond 
the orbits of hH tho plaaefs, tho planets as yet linving no osiafoitce. 
Tho heat ^dually dttiiiiiished, and bh tho solar ntmosphcre eontrsBt- 
cd by ooollng, the rapidity of its rotation increased by tho laws of 
rotntory motion ; and an oxteiior lionc of vaiHinr waa dctachGd front 
the rest, the central ottcaotion being no longer nWo to ovoteoino tlio 
iiicrimsEd ccntrifiigal force, lliis xono of vaiwur might in aonio cusca 
retain iti form, as wo sco it in Saturn's ring ; but more tisually the 
ring of voponi' wonld break into soverul masses, uiid tbcso would 
genornlly coalesce into one muss, which would revolve about tbo 
win," -— Whoweira Bridgeuxiter TrcotUa. 

The following passage ia translated by tbo snino aullior from I.a- 
pluco ; 

"I In ;ii,ii liii' ^tllloCBBtn^cof cloiuly brightness) wa? itself pre- 
(I ■ I M ■ ■ Li.i.i, iu which tho nobulotis matter was moro and 
511 . ; i.iK'lous boiivB l053 and less Ixunlnous. Wo activo 

in \w--. HI, nil. c ,iL a iicbidosity so diffuse, that its cxLitcnco could 
Bcaicc lie sii-ijsixtca. Siteh is in fact tho first state of the nebula 
which Hoi^abcl carefully observed by means of hia tdofleopc." 

Sir William llcischel has the following olisorvatioiis on those ro- 
niarknble uwisacs ! — 

"The nature of planetary nebula, which has Mthctlohoon Jiivoly- 
od in much darkness, may now be explained with some degroo of 
satisfaction, i^co tho xuiiform and very conridorablo hrightnesa of 
their apparoiit disc accords romaritably well wth a much condensed, 
luminous fluid; whereas, to suppose theni to coji^st of obistorinit 
Btars will not ao eompletely account for llio milkinoss or soft tint of 
their light, to produce which it would bo reriidred that tho eondonsn- 
tion of tho stara should bo carried lo au almost inconceivable degree 
of acoumulatioit. 

" JIow far tho light that is perpetaalty emitted from milliniia of 
auns may bo concerned in thia shining fluid, it might be proRumptu- 
OU9 to allompt to determine ( bat notwithstanding tho inconceivable 
stibtiUty of tho partioha of light, when the number of tho eniilting 
bodies is almont infinitely gtoftt, and the timo of the contintial omis- 
sion iudeliiiitely long, the qxiantity of emitted particloB iwy well 
become nd«!uato to tbo constitutiou of a shinii^ fluid or luiuinons 
matter, provided a cause can bo found that may ictun them from 
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("i) |i. 37. — " I ord Ilossc a bcnutifiil tolcscopDt lifnc boon tormoil 
upon priiioiplcs which njipcirfocmlii u^ iln \v C ]i[is-.ibli. cuiuliiioiis 
fiiroblni.niiig n icHiKtmg siirfico «liii h II i i n iiniteit 

qiinntity of liglit, niul retain thnt |ir i li il fnr n 

luii^tli of tiino. Iho nlloy u^cd loi t>ii L lui mid 

copiicr In atomic jitoporlioiis, namcU >iii i >i" i u . 1 1 luui ntoins 

ofcopper.or by ivcig)it6S0 to 120 4 On the loiisliuttion of liiniB 

llojiectiruj Telescope) by l,ord Itoiso lloport of the louiteitiiUi 
Meetiits of tho British A(,^ml iti in llif p 71 

C") p. 38.-1110 hcBt a "MRS In 

a letter furniahed b^ Su I n hjili in 

Moroli, 1813: "The /oili i i i. iiibM) 

nppciir.4 in the zodiac, oi i iilinii of 

the sun's equntoc, nhiih i I »]ii<>h 

plane, SUCH from the sHii ini i rl' end 

25S-, or KO iiHich m ndi n ,n .imM 

qxicnoo it Is seen tn the li i .i, tho 

cmiirioxcsi nfter sniiict i it tho 

autuiniiBl c(iuiiio\ not iiul\ ^jpnront 

nxh lies at those timen in-nL l l i h | j i U u i > i i liunroit, 
liut also bccnuso at thnsc c)iuthi wo >uu ii)i|>ioii,Uiiig tlio situation 
ivlicn it is seen most eompktc!) in section 

"At tho vernal dptmoi tho (i))pni'iiL'4 if tit! iils i i\ !i ht sv 
thai !>( a pretty hroad p^ranisdal or iit ' ul 1 1 

ivliich begins to bo vistblo as bckid a < 
bright at its lower oc broader part ti. i 

biiiken clonils about, olf en apjiciTi lit i , 

(lagratioii, oiof thi- nsmg moon, oiilv ti u ! iMit_^ n i vi h"tt 
to amOiCphoHS masses of light, SHCh a« have been notietd b\ oiiu ol 
your correspondoata as poasibSy ipptrSaining (o tlio lOittLf \t 
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higher altitudes, its light fadoa gradually, nnd ia aoldom trftceabie 
mudi boyoii(t tho Pleiades which it usunlly, hoKOvot, Btiahia mwl 
involves, and (what is naat to my present purpose) iU sxi« at tho 
vOMsl equinox ia slways inclined (to Ihe northward of tho equator) 
at an angio of tetween 69" and 70° to tho hori^m, and it is uirnt 
luminous nt ils baso, testing on tho horizon, where also it is broadest, 
occupyinK, in fact, an angular brondth of Bontowhuro about 10° or 
12' ill ordiHavy cicar wcatlicr." 

(") p. 38. — "Tlio nasiunplion that Mio OKtent of tho starry fir- 
manieiit ia literally inlliiilo haa bepii iiinde by one of the greatest 
of astronoinors, the late Jlr. Olbora, the basis of a connliision tlmt 
the cclestiat miaces are, iu some slight degree, dolleienl iii lyaiis- 
payenvy i so that nil beyond a certain dlstnuoo is, aiiil iiviist vcioain 
fur i:\y't, wiiii-x-n : the soomotrical progression of tbc extinction of 
Ji"li( r.i null ui.iii.|.. tlie effect of any eoneeivablo increase intliupowej 
I'l I. I . ■!!■ Wi'co it not BO, it is argued, ovoty part of tho 

II li ' ' Aijjiit to shine with the brightness of tho solar diKO, 

tirKu Mil iisii;U liiy roiild boBo directed as not, iusornepnint or other 
of its intinite length, to oncoiinlor B«e)> ii diie." — Jilliibiiiy/h lletiovj, 
p. 1S5, for JauuBty, 1818 ; liiii^ca if Astmioiiiie Sidlui/e. 

('S)p. 39. — In thc^s/«)HoiMwA« ik'nefcicAtoi of July, ISifi, ap- 
peared a Memoir by M. SladleE, Die Ceuiralsaime. I'ho concluuions 
arrived nt by Mfidler, may be (uiderstood from tho follo^-ing ciuotatioii 
from a Fconoh translation, mado by M. A. GnutioF, in tho AreJUce* 
rfes Seknccs Phyaiqaes et Nalui-eltei, for October, 1848. — "Quoifiu'il 
ri^sulto de co qui precede que la region du del iiuoj'ni udapt^o aatis- 
fait ik toutes Ics condiiious posces plus h.iut, il n'oit cat pas nioins 
conrcnable de ia eoumettre a toutea les opteuvcs possibles, l.'lusi- 
eiiva essnia do eombinaisona dilferenteii m'ont eonvainou qn'oii no 
pourrait troxtver aucun autre point dnns lociol qui put tonir lieu, 
m<5mo d'unc maniere approehee, que celui quo j'ai adopts. On 
ponirnit ni!unii>"/int in' addresser I'objcction que, si la ri!gion dii ciel 
'HI ■■ '■ ' ■ ■ ' ■ ' ■■■■111' (Ic gcavite do nolto syatcino d'fitolles fixes, est 

III ■ I ■ n'li prdecdo entre certnines limitos, il n'on r^ulto 
\i >■•• i :.--..i- II' .ii- clioisir Aieyono pour eo centre, nttcndii qu'il 
pniirv^iit hviii ininber Bur qucl<|u'Butro ^toilo situec dans lo gronpo 
ou dans son voiunago. Mais outre que e'citt tout pres do lit quo so 
trounj Ic grnupo le plus briiiant et lo plus liche en ^toiles da foiit 
!e oiei, et qu'il iie e'agit point ici d'xin point arbilraice sitiic dans lo 
vowinage peu apparent et qui n'eit rion qui le distingue, il no si> 
trouvo iiul part, memo dans la region voisSiic, uno anssi oxacle 
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enn nriUnpe dps iiioii\ oiiioiits pcijifta cjm ii i, 
rmiiijoiidciit mteiti. quo tons la aatica a«\ 
iiiiitiiout Oi Bi Ion doit eonsidicet cc Bri>i 
tloiln CKalemeiit tleigiitoa, on pcut prfsumti 
fU he m C.I up iireseiite la plus giimric maiae 
(Oil id 1 e nphqucinent, est Bu milieu <Iu j,i.t 
,t ptopro, dotcrmino pAi Bpinl 
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C")p i9 — Scotlio arliolo On ( uiti 
fioiii tilt pen of tho Astconoiiici Km ill 



("') p 41 — Dclimhrc 

11 ho nis tho first i\hogH\ 
{in 1700) of Btftia, tin' 
fioquoiK) mdae(,urac% l 
of Iho heateiis. His mi 
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i^) p. 13. — Lo^emci ;, .,• 
Comples UoiidiiB, vol xii , Siir I 
okarelcs d/iiis fe maueeiaenf d" Ui ami 










(^3 |i.i3.— The t viictitneiit nllii \ 
riatPHU, who tliiM (iesecillcs hi" !in 
!«Kin »'}■ "taking ft matato of kIcoIip ) 
a wttain excess of Blcoliol.ao that. «h . ■ 
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l^t tube, it lets the small aphcro of oil fall to the bottom iiithei- la))- 
idly. WJieu this point is obtained, the wliolc is ttirowii upon fSUcra, 
care being tnkon to cover the fitnnols Eoiitnttiiiij; t&cso last with platm 
o( gfo^ i thia ptccautton is neecsERry inontcr to prevent, as mucJi m 
po»«iblp, tlio GvapOFatiait ot tho atcoliol. The alcoliolio liquor |>assD» 
thciiiftt tbroii^htheriUcESjOrdiiifit'ilyeftEEyiitgwitb it a certain uuiii- 
bcr of very niimito sphoralos of oil. When llio ((vcatcr jiairt lina 
thuo pnssotl, thn sphoriilcs boeoina mere iiiiiMoruu»; tvliiit Ktill re- 
mains in (ho iirst iittora, uaiucly, the oil and h rcsiduu of nlcoholic 
liquor, iti thnn throivn Into a single lllter placcdonanow flask. Tliia 
Inst fillr^liun take) jilnoo much more slowly than the fiist on lecmint 
of tlioviscosit by b K 
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I'fOperikSBf Maticr: Yoiiiig's Naturai I'/iUosop/i;/ ; C(l, by Itev. i'. 
Kollntid. 

(^) p. 4?. — "Tivei very (iiiTerciit liypolheses hnvc been rnrmcd to 
explain the nature of uisttor, or tlio iiioilo of Us fotmation ; tiie one 
kiiotvit n» tbo alomie thcwy, the other, the dsnamie. The founder of 
thcfiiriiicr iiiid oiivlicv was Leucippus : ho conRidercd the basis of all 
liodii'3 til 111 ■i.fi iini i-, liiu^ partielcs, (lifTering in fbnn and imture, 
whii-li !:■ ■ ■ ! I !■ lUspcraod thioiiKhoutBiisoo, Hnd to Avlildi 

hisftiU.,' 1 ;.Mvetha nninoof atoms. To tJiciio atoniH 

he altiJti l:. ■! ;■ ir, iilni, ,u- motion, in ennBccinciico of which such m 
nrii li 0)1 logon LOU 3 uiiiied, whilst the )!glitcr were disperaed through 
Bpnec. The Author of fho eccoiul hjpothcw «fls tho fninous Kniit. 
lie iimaKinitd nllinntlcr existed. Or >vniorPf mnti-d hv t«0 niitngonint 
and mutually eoiuitonetiug priiui|>lc 'it 'i I i i ill i\ itdaclion 
niid rqiiilsion, all the predicates oi ^ 1 It molioii. 

Most modcin phiiosophetfl, and fcirniin i i i qinoaiid 

PoiHsoii, have adopted nn L\|ii>th i i I uu ofbolh 

I ho preceding. Iliij rci,indil lU niiiij, (heir otijthi 

ftoiii tho Deity as the fu I i ilua iniMtc nllraotiro 

and repidsive force ns a n ilmrcainbiiiationiit 

bodies. The main Icntun i i il i I I i ne borrowtil from 

Aristotle, iiiasiunch as he Mipjio c cl i!ic bii-i <>l nil liodics lo be Iho 
four elements knouii to theantKiits, the pirticlc of i\hnh, endued 
with ccrCsiii jiowcra, constituted Imdieo Aefordiiig to Ampere, all 
bodica eonMst of eqtial piilidi t ui tin \ i tm ot inoluiileh that, 
up to a certain distaneo itti i ' ' i dittaiuGlcomcHoll 

Other ho sujiposed to be nil h lU of thoattrncliie 

and repulsive forces, the 111 i i i i u 1 latcs — rpsehot's 

Klmnents of rh}/tM , traisshkil In I W^ i llli 

(a')p. 'IS. — ThtsMnsfift pro^cil b\ the researeheiof l)r Halloii j 
tho subject wiU bo Hi,niii alhiUed ti under the consideration of 
atomic volumes. 

(M) p. i^ — Tliesc peculiar plienomoiia may be studied advanlaBC- 
onsly in iho works of most oi fho eminent Knropcan eJiomista In 
oiu' own language, the reaiUr n n ti lud in lli '1 iinnip tin ff' '.«< ■■/■ 
thc^-kiHx^oflleataadlL.', nil,. i ! n >■ ., m' i.f 

CAemhtry —■ Alt, ^/leiijii II ' < ">/<«; 

and Daniel's Inteedaclioit tn ' 

(Ki)p. 49.~Thoconvec.iiiiu,. iiiv.iwtium.it.a. ., |iiat> ii.a cnVo 
was llret efleeted by the agency ol ihc gntvamcari. ol Itaiin, In W. 
Jmnieliiti, and CDinmunieated to the Atademj of Scieneenn isij, ni 
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H 'Meinoit onliHed, D taetian calorijiqus rfo la pile rfs Bwiten, tlu clml- 

iiiiiaiii « flH3 orj/gpneet ki/drogine aar h ixirion pur, arlifickl el iiiiliimt. 

K('(! C/)„ipki lletulHS, \8i7, vol.xxiv. \i. 1050; nlso Ite/ioit oflheUrUkh 

A-,s'„i;'M,nJwlU1,{Tr<imac)iom 'kef ) SO 

C'j i>. .JO. -— " In the annvial re oh rof p« m 

]ivi'.-( iiU'd (0 tlio Itayal Acadciiiy f & k 

have |.iii|io5C(l to tlcsigrwto by tTio nn 

liii lOiiiUlioiitthioU is obscircd in 

iMitiiiili-: i>f which nro found in h d 

;;i;ip]ull' null (liniuond. 

AUliiiii^lt thcso disslmilnr conditions, which 1 h«vo horo caUc<l 
till ill I pii , li-iMslong Kinrc nttrnotcd attention in quo oc two oloinonts, 
hll ilin lim liiiii ii iiitiil I c \L i|htion> to tho goncinl nilii It 

I I , I ' I- In il I s >u not forBip, lliatitis 

II ' I iJipnt8foaiii»Citin diflcr- 
i ' I II }i no hniL hitherto liccn 

V i'of^^c ndorit 'k Annnton, IbU i j i lami , ^nl n p 

■10 

(■'") p. 56. — " Copper, when icdftccd by liydrogen at a heat bfiiow 
that of rednoss, on exposure to tax soon becomes converted thranghouL 
ils innaa into protoxide ; and whon it is tritvivatod for somo limn with 
ail cqalvalont niiantity of sulphur, it combinca with it according to 
Jiiittcher's oxporimont, |>rod>toing fiamo, and forming aulphuret of 
coiipor. If, how«Tor, tho copper bo reduced by hydrii^en at n red 
Kent, still conflidornbiy below tbctfiiii>ri^i!iire,ilM'bic>li itBoftonR nn^ 

iu'<;iifi |i> molt, it remains for ycMi- ■■■■■i ' i ■• '^pinuri! lo air, 

auit iMuiint be made to Combine mis ■ i U.o npiiliriitioii 

nl'UiMt. Iran, cobolt, and nickel, v. 1,. -, .. ...l ., l.jiliogeii below 

ii rfil lii'iil, iiillame after thoy have tunii^il, !!i.'.\]io.sni to tho Bit; and 
if ibuy luo immediately placed in water to avoid thoir taking fiie, 
they iiiibnio whon they are again removed, and become neatly dry. 
Ii~ WIS i'<im|!aro this behaviour with tiiat of iron icduccd by heat, and 
■,\ illi iron in that stalo in wbic]i it forms the conductor of a galvatiio 
itivtcnt without becoming oxidised, it would appear that these 
Sieniiliiiivitics depended upon somothing more than a differeiico of 
tiifteliaaieal eoiidilion. " — BsrSJiiu aa (he Alhlropy of E!eni«»lary 
nvJics, Sen On the Jsamerie C'oinl!lio»a of the i'eroxiile "/ Tin : by 
I'rof. H. ltosc.--Ohemi(ml Gazette, Oct, 1818, 
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{^) p. 31. — On tMis curioys BHbjeet, siut ifs history, sec Jlei^mnn'a 
JJiaserl. Jc I'Alog. quaHlHale ia Mulol/is, ITCH. Kkwan, On l/ie AllnK- 
lli-e J'oicen b/ Mineral Adda; I'iiiloROphical Tiniisfnilions. Kiel's 
Jixpcriiiiciiti and O&ssrcalioiis on tlia IJisnoivlioii uf ileluk in Aiiih ; 
I'hil lf«na 1790 

I rom these 1 alii (iilo p '[li 1 ti 11 lii pis tint tlio j il r l let 
(t iron Iml aiccaih illi 
cmilitDi'; 1 tin I 
,11 J f I \l , 
ili< tf 1 In \[ II ItllL 1 

AnnalCfl dc Chmuc, mA In p ul ii,:.tLrLii<-(. slinutU ii!:t(i \n, 
mada to tho Moiuoirs of Sit John Hciw-hel Oa thu Ailion oj llie Kiiya 
of the '^lar Spiclriin on VeoetiibU ( otoura, ^f Phil J runs vol 
ewxiii p 2il , ani O I l/ie 'vjiara/ionof lion JioBiotAci Melalt I'hil 
Ttaiie. vol. cxi. p. 233 ; niiil acvcrnl papers by Mehonbein, hi tire Plii- 
Insophicnt MagHJiiic, from 1837. 

(^) p. 01. — Fnraday, in liis meinoiv On neio Magntlic Ai-lions, ami 
on lie Maynclio Condliioii of ait Mattei; Bays: "By tlio oxer- 
lioit of this new coiiilUioii of foicG, tho tiody inoviiil may yaaa cither 
along tho inai'iielic lines or across them, and it may move hIohk or 
»u\osa thorn in citiicr or ony diteetioii, so that two jiorlioiiH of matter, 
simultancouBly subject, to tliis power, may ho made to appronoh encli 
otherssif they were mutually attraeted, or roccdo ns if mutually re- 
pelled. AU tlto phcaoiucna reaolvc themselves into this, that a por- 
tion of such matter, \vhoR «ndor inneiietlc nctioti, temls to movo 
from stronger to ^FeRkcc places or points of force. ^Vhe!l tho 
sul^taiico is surrounded by lines of magiietio force of oqual iiowor 
on all flidcs, it does not tend to move, and to then in iimrkod contra- 
distinction -with a linear cuiicnt of elect ly Xe tt c an o 
cicounistaHeos."— l'hil.Trana.f6r 18I« ol c iv i 

(^J p. 62. — a'cB Ezpiriments and Olm 1 

at Philadelphia, »» Ataerica, — Addressed to M 
to 1751. ByBonjamtB Franklin. Of tltcso 1 
ia not easy to say "whether we arc most ] lea 
and perspicuity witJi which tho author prop 
Ms own, ca tho nobla frankness with h h h 
whoa they weroeorreoted by subsequent L-ipLru cnts 

(^) p. 52. — "Tho atomic pMosflf 1 y of Ei urus i 
physical contempiaSion, allows of nothing but matter and siiHto, which 
ore equally infiiiito and unbouudcd, which havo equally cxialed Irom 
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"I! eternity, niiA from different eoiabinationg of which cvci^ visiijin 
ioim is crested. These oloinciitnry principle* have no coyninon [W"!'- 
orty with each otlicr 1 for whatevermatttris, thst space is the vovetae 
of J and whatever Bpaec ia, matter is the ponfrary to. Tho urtiiid 
^ohd inrti of ill bodies, therefore are mntlcr, thcit utud \mu-i 
spnrp 111 d tho pirti which nre not nilosclhcr'.oltd, tint iii iiittiiniv 



" Jigt.t^'l or pointed conMini 



'1 1 ill III bi- jiiat adapted to thoap ot uthi.r fiRmcs as 

liibuhi in il 1,1 Mill III Hence the ongm ofeoinpouiid and viiihlo 
liiidics, honte the orij,iTi of large masses ofinattor, hcntc, c*pntHnll>, 
lhcnrl(,Liinftho-norldiho!f — I)r (jood a Jlooi o/ !fatui< 

( ) p, ^ — .( Camio of I^lme) on .!\«(,m,l I hloMphg and tho 
ilcchanm,} ,Ut>,. l)y Thomas Young, M.D. J.cctuire -10, On the. 
ess!i,r,nl jn-operlUs of Matler, 

(^) 1). 67. — " Gay-Liissas first msdo tho ri'tsi ■';'., il- i .' i 1 1 -Uil of 
potash alum, transferred to a sohition of niio ■ ■ imni 

til mercasa \ilthont its form being modiin 1 i- te 

i^ncied -nith alternate lajcrs of the t' n il'n pn "i wi- ii!. 
ri iiliiilv md proper erjatatlmo figure M linnljiut nil ««-.-> vds 
111 ii>id thit 1 ther bodiei, axichas theatilphatc^of iron and copper, 
itii ht iJii mt thcniBclTCs m crjstal? ot the Humc ibrm and an);U'H, 

aihoii„h the form wnt not a simple om hV th ii of nlmo. Ihtt 
M Mitdi.h'i'hth first recognized thsa com i i ■ i";ii 

iminhor of case* to piovo that it ■»«? a i't 

similftiTits of coniposition lu diHcrent bodii i m - . ■ ; • al-, 

'f f Aemiilry ilSii), "p 116 
■ ho foUonii^ remarhB are from a paper b; Or Ueiinoiin Knpii, 

On the Atomit Volmnv and CrgsMhna CmuUlioit ol Jtadics, &o, inilt-- 
lishid in thp rhilowphical Magai-ino foi 1811 " The dopti-iiio of 
isomorphism shows «s that there are many bodies whieli poisof 9 isn 
,iiia!ogo«s constitution, and tho »me crj-stalline form, Elitr idea of 
(he volumo (oF.inotherwords, of thecr;ntal!inoforni)of thi's^iibtxHcsi 
musit tliereforp be the same. From this it follows ihsil thi'iv f\ti:i!i<i<s 
iMjighl 'm il(?peiul«nt tipnn onr idea of nta'-i, tlijitia, of atomk' iminhi, 
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ti tho gj-pmun fonuatioii near Ocftim in Spgin. In Knglwwl, tho clay 
of Shotover lOll, near Oxforil. yioUs tho Isfgest CEyatals. Seo 
Dana's Minmiiloga, second edition, p. 2*1. 

i**) p. 54. ■- Tho following table of the rays ponettafiiig coloured 
glaM has been given by MeUoiii, in his memoir On Oe I-Vca n<im- 
mi'MioH <^ SaSiunl Ifeat Ihroigh Different Jiodks. 



I)co|> yellow . . , 

Bright yellow , , . 

Ooldcn yeUow . . , 

Deep blue . . . . 

Apiilcgreon . . . 

MiiierBl green , . . 

Very deep blue . . 
IVanslflted in the Scicntifto Memoirs, vol. i. p. 3( 



Panile red (ilakcd) 

Vivid red .1, 

PbIc violet 15 

Orntigo rod 44 

Clear blue 42 



(") p. 6*,~"Thophysicat cliBTOCtersof this species of glass, ivhich 
nets so diUlicntly ftom tho other species of coloured glass in nil tho 
phenomena of calorific absorption, aro, 1st, its intercepting almost 
totaUy the rays which pass through slum ; Snd, its entirely abgorbing 
the red rays of Iho aotav apecltum. I have already Biated that their 
colouration is produced almost entirely by tho oxide of copper. 

" llius, the colouring matters of the coloured gla»iGS, whUo tliey 
so powerfully affect tho relations of quantity which tho difToront 
rays of ordinary light bear to each other, oxordse no oloctivo action 
on tho concomitant caloriftc rays. This curious plionomenon is tho 
more romatkablo as tho colouring matters absorb almost alwny« a 
very eonsidernhlo portion of the heat nalvrallu Iransmilled Sy Ik* glass. 
The following are, in fact, the ealoiiao transmisdona of tho saveii 
coloured glasses referred to; the transmission of tho contmoii gkss 
being rcpn^ntcd by 300 ; red glfls.i, 82.6 ; orange, 12.5 ; yellow, 68 i 
bluish-green, 67.6 j blue, 62.5 ; indigo, 30 ; violet, 86. The quantity 
of heat absorbed through tho action of the colouring aubstanecs is, 
therefore, 17.6 In tho rod glass, 17.6 in tho orange, 45 in tho yellow, 
42.6 ill tho green, «.S in tho blue, 70 in tho indigo, and 16 in 0(0 
violet. Now, as these absorptioia extinguish a pioportional pai* of 
caeli of the vaya whioh conetituto tho celorWo sticam tmnsniittfia by 
coininon glass, they laay ba compared, as wo said before, with tho 
absorbent motion cJicrctSEd on light by matlera more or less deeply 
brown <a dark, when they aro immersed in water, or some other 
eoiourb^ss ]u|uid which dissolves, but does notaffeet them chemical- 
ly-" — Aniudmd* Chimieel ^ I'hysi'itfttiara, xl, p. 382. 

Guided by thwo ptintiglea, the author selected tho glass employixl 
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in glHeing tho Hoysl I'alm-Houac, nt Kew WofaiiicBl Gniilinui, ivhwo 
it \v(K desircA to obatrjiof the psssago of tUoso toys which havo a 
prnticiilar scorching binucncc. Of thia gldss ft clcaciipttnii ivns givKn 
at Die lueoting of tho British AsBoeiation et Oxfon), anA appeni* in 
tho I^BJisnclioiM for that year [ and » paper mom in dclMl will lie 
found in tho forthcouiiiig IVanenctions of the Society of AEt«, 

(W) p, G5. -— In Ihc Philoiophtcai 'IVataacllom, vol. xc, the foUoiving 
pajicis, by Sir ■\ViliiBrn Hcrschcl, may bo roiisiiltcd r — 

hivenligalion of Ihepoacraof the prismnlic roloxirt to /leal and illumi- 
nate objetti ; with remarki that prove tlie different refraagibiUly of radiant 
beat. jlb tchick is added, an inquirg into Me method of viewing lAe lun 
adeantofffvatti/, with lelenvpea of large apertures anil high magti^^inff 
poatn, p. 255. ICxperimtats on Ih* refrausibiUty oflht ineliiHB rai/s of 
l/ic sun, p. 28i. liepcrimciila on the lolar and On the terieelriat rags that 
occasion heal ; icith a compai-atho lieiuoflAa lanrt to tehicA light and/ieat, 
or ralhcr the ruyi ichich occasion them, are subjuel, in oilier to determhia 
whether l/itgare the »a»\e or different, pp, 293, ■137. 

In connection with this inquiry, 8iv WiiUaiti Ifocschcl remarks, 
that sincoarerfyfrm stopsno Ic9R than 6S2 oiitof l,OOI)sitch jrnya ns 
aro of the refrftngibiiity of red light, \ib havo n direct and ainiplo 
pmof, ill the cnac of the red glnss, thnt tho lays of light Brctransiiiit- 
tcd, while those of heat nro popped, and that thus tlioy havo nothing 
in coninuMt but a certain equal degree of refraiigiUlity, which by tho 
imwor of tho giasa must occasion them to bo thrown togetlier into thu 
place which ia pointed out to «» by tho visibility of tho raj's of 
llKht. 

On tho snmo subject, a Memoir, by Sir Tloiiry Ifnglelicld, in tho 
JouTiinl of the Royal Institution for 18i)a, p. 202, may he eonsitlted ; 
and llesearchet on Light, by tho Antlior. 

(*)p. B5. — Dr. Htapor, On the proftaelioii of U'jht hy heuf, in ih<j 
Phil. Mag. for 1S17. 

Sir Isaao Newton fixed the tompcraCutc at wliieli hollies bceoinc eelf- 
laiiiinousateaS'i Sirllumphrey Davy at 812°; Mr. Wedgewood at 
047" i and Mt. Dauieli at 080" ; whilst Dr. Draper, from his experi- 
monta, gives B7J°j and Dr. Bobinson SSS". 

In a review of tho above paper by Melloni, entitled, liesearches aa the 
Itgdiatiom of Incandeicent Bodits, and on Ike EUmentarg Colaura of th<i 
Solar t^^ectnim, tranalated from Silltnian's Joitmal for August, 18*1', 
Iw Tcniadis : — 

"laaythat !hcy conduct, as do others heretofore knosvn on %tit 
and m<^nt heat, to a perfect analogy between the general laws which 
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govoiji th<ae two groat agenlsof nature. IwillndA, that I legatd tho 
thenty of thcii; identity as tlio only oiie admissible by tho tales of phil- 
osophy ; and tliiit I consider myaalf obliged to adopt it, uittil it Hliall 
have boon pioved to me that thoroian necessity of having reeouvso to 
tiro diJJorsiit priuciples, for tho cxplaiiatioit of a Kcries of phonomeiis 
whicli at pr^eiit appear to belong to a solitoty agent." 

KcE^ieuco should nUo be made to a paper by l)c. ItobiiiEon, 0» (h« 
tff/tls 0/ Ihnt m leaiemag the A^nillet of the Ittameuts of Wnler, in tlio 
IVansaDtions of tho Itoyal Irish Aeadoiny, 1848, whcto he Hays that 
"whon » plaUmiin wire in traveiacd by a current gradually lil- 
cronscd till ft produces ignition, the first gleam that appcnraianot 
rod, but of a colour wliich, whoii I tirst saw it, I compared to tho 
• lavender ray ' dincovored by Sir John llorsohol boyoiid tho violet, 
though I was HUTpriscd at scoing tho tint nf that most refrangible ray 
prcccdingthoray which is least so. It is ituilo conspicuous at about 
805° : and as the mode in whicli it inakGs its appearance prosenta 
nothing abrupt or disooutiuuoua, it sooius likely that it is merely a 
transition from Inviniblo raya oxoited nt a lower tcmpcrnturi; to or- 
ttinary light." — p. 310. 

(*') p. OB.™ In the Baierian Lecture for 18*^, On tho iyaaspanacy 
of the AfaiaspAti'e, aad the lata of ezUnciion of llie aofuf J*nj/J in patiiHg 
through it, by JaiucsB. Forbes, Esq., F. H. S., Jfeo., will bo found a most 
oQmpIote invoatlgation of this eubjcet. 

Tho oxperiBients were, for tho inoat pari, mado in Swifcsorknd 
Mth Sir John lIorschBl'B aetinonieler, and they prove most BBtisfnc- 
torily. — "That the absorption of the solar rnya by the Strata of air 
to which we have immediate access, is considerable in amount tor 
ovou moderate tJilckn esses." 

t^) p. 68. — After referring to aovecal curioui and inatruoyvo 
oxperimentt, in which peculiar chomicu! changoi are produced \mder 
tho inftueneo of the solar rays by their IIrat, Sir John Hetsehel 

"These rays aro distingulahod from those of I'ight by being invinl- 
b!o ; they are also distinguished from the purely eiloriftc rays beyond 
tl«) spectrum, by their jiossessing properties (of a peculiar eharm^er, 
referred to iiijbriaer papsraj either exclusively of tho ealorifio rays, or 
in a much Mghet degree. TKoy may perhaps not improperly be 
regardod as bearing tho same relation to Hio ealorifto speotrum which 
the photographic rays do to the laiainous onofl. If the reatriciion to 
th^a rays of tho terra thsraiie, as distinct from eutortfie, be not im I 
tMnk, in feet, it is not) a sttfiteient distinatioit, I would propi»e tho 
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term jwvifikwiii) rays todcsignato them. Tkesoani the rays ■wMch 
I conceive to bo aaiiya in produoing tlioae siiigiilnE molcvuiar ntfee- 
tio!is wliioh dctcvmino tho preeiitilation ot vapours in the exiicii- 
ftictitfi of Me«r8. Draper, Moaer, and Hunt, and wMoh ■will probaUy 
lead to important atacovcrica as to tlio intiraato nattiro of thoso 
fotci» Indent on the surfocos of bodies, to which M. BiitroBhet lins 
given tho »mme of epipetic forces."-— 0» eertaiii impnmmenta in I'Aol- 
offnip/M-pn>ectm, deicribcd in aformer tomimnicatum (^\ai. Trans, vol. 
osKxiii,)! and On tha Parathcrmie Hays of (hn Sohr ^leelnim : Mill. 
Trans, vol. cxxxiv. 

mtn cxiicrimciit4 of Mrs. Somonille, On the actbm of the Says of the 
Spedniinm VeffetaHo Jaices (Pliil, Trangnotioiis, vol, cxx-tvil,), opiiear 
to connect theniBelvcs with this particular clues of roys in a oniions 

{*•) p. 67. — Experiments on tho innvienco of hcnt on (liffercntly- 
colo-uted bodies wore iirBt made by Dr. Itookc; nml itwa^not until 
long after that Franklin made his inEcuioiw oxpctiincnts, Davy ex- 
posed to annahina six equal pieeca of copper, paiutcil white, yellow, 
red, green, blue, and black, in aueh a luanncr that one sido only was 
illuminated. Tothedarksido ho attached a hit of emte, ascertained 
by cxporbnwit to melt at 70», The cerato attached to fha black 
became Muid first, tho blwo next, then tho green and red, and lastly 
the yellow and white. — Bcddocs'a Crmtrihulioiui to Physical KnoaU 
edge, and eollccted works of Sir llnmphiay Davy, vol. H. p. 37 . 

(i») p. 68 . — By refercnco to Hio Troaliso on ireat, in tho Etugelo- 
imdiaMelropolilana, mimorotis suggestive exiierinieitts will be found, 
Rll bearing on this subject. Fesohel's Klmenli of .l%irfo may also bo 
consulted with advantage. 'Bie fact is, however, simply proved by 
placing tho hull» ctf dolieato thormometers, so as to be completely in- 
volved in tho petals of flowers exposed to sunshine, shndmg the 
upper portion of the stem of the iiiatrumcnt. 

(«) p. 6S. — aioser. 0» Vis!oi\,aHiloiilheBCliottofUgklimBaaits: 
and atao On Latent Light : ScjentiiSc Memoirs, vol. iii. Draper, On 
eerlaiH Sjttxfml Appearaitcos, aadon the diicomy of Intent Liahli I'hll. 
Msg. Nov. 3843. 



<^) p. 68. ~ A particular examination of this euriona question will 
be found in tho Author's roport Oit Iha ii^miice nflhe Sohr Miiyt ea 
the Growth of Plaiili! Uoporta pf tho British Association for I8i7. 

(^) p. 71. — Ammiaaus Matcollinus ascribes tho longevity and 
robust health of mountaineore (o their oxpoeutc to tho dowa of night. 
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Dew wfla emjiloyed by (ho slchomista in their exp<!i*linentt on the 
solution of goiil. 11>o ladies of old collcofcd tho " colcstini w«Bh,' 
which fhoy imaglnod had tho virtue of preaerving their lino latmn, 
by oxijoaing hospa of wool to the itifluenecs of night radiation. It 
tvoH sup))<»ied Umt tho loan feattiTes of tho ij^Bshoppei' taoio IVom 
that inaoct fooding otititcly on (low, "Dum^uothymopiiscenturapca, 
dum roro cicadie,* Virgil, Eelog. 

Seosonie ourioiia remarks by]toylc, On /ho ]>oiMr nf ikia in icorl:- 
ingoii ^irl Bodies: Works of tlic Hoiiornhlo 11. Eoyle, vol, v. x>- 131, 

nu. 

(") ]). 72. — Soothe nesernvheaonlfeal, by Professor Jtimcsl'orbea, 
in tho IVunsactioiiB of tho Koynl Society of Kdiiilnirgh ; nlao Mol- 
loiii's p.iiiers on tho asinc subject iu Iho Aiituiles tie C'hiiaie, several of 
whid» have Iwcii translated into the SckiUific Memoirs, edited by Mr. 
Kichard Tuylor. 

C^^) p. 72, — The jihciionEma of dow have constantly engaged tlio 
attention of man, Aristotle, in his book I)e. ilumlo, pnts forth some 
just notions on ita nature. An opinion has nlmost always prevailed 
that dow falls. Gcrsten npiiears to have been tho Aral who opposed 
this motion. Ho was followed by Mnschcnbroeek, and then by Dti 
Fay. 'Hio rosoarchos of I.cslio were of a far ntoro cxnot character. 
Dr. Wilson, in tho Tinnsaotions of tho lioyal Soeioiy of JMinburgh, 
tat vol., published a Mmnolr ctt Hoar F/osl,ot much interest; but 
tho ijueslions involved remained unsettled until tho rosencchcH of 
l>r. Wolls, which were published in his y^sa'j oa Deio, in 18H. 

(^) p. 72.-— Hy far tho jnost complete sot of oxperimoirta on tho 
radiation of heat from tlie surfaeo at night, which liavo been pub- 
Ushod Binoo Dr. Wells's memoir On Beie, nro those of Mr. Qkisher 
of tho Hoyal Observatory at Grccnwiolt. Inatrumcnta of tho 
perlJBGt kind woro employed, and tlio obaervationa made with dedu- 
loos oaro. llio results will bo found in a nicmoii On tha Amount of 
Iho Roflialioa oJB»at,at aight,JroMlhe F^rlh and from varioiabodiet 
phf-id on «■ near the Siaface of tA» Earth, by James Qlaiahcr, 1%. 
FhilasopMcal 'ftanB. for ISt7, part 2. 

(f) p. 73.— Dr. WoUs noticed tho practical fact that Tciy light 
shades pvoteetcd dolieato plants from frost, by preventing radiation, 
Mr. Ooldsworthy Qumoy has made a series of interesting cKperi- 
incnts, and ho i»iagines that by ahadin^ grass-lands with boughs of 
trcOT, or any Ught litter, a moto abundant erop is produced. The 
subject hM been diseu^ed ia the jountals of the Itoyiil Agrieultiual 
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Sooiely. Slay not tho ftpparont ineccnse 1)0 due entirely to the suc- 
culent coiidUioH in which a plant nlwflya grows in the sliailo ! 

C*) }) 74 — ikw iiaiior of MeHonis will bo louud nUlic llilH- 
olhlque Vniveneth de benlee for ISH ihe csitelusuiii-< an liylily 
mgcmoui but they rest enticch on tho analogy sitpgio'icd to lie 
diiico^crixl batftoon tfeerelfttioissof luat hki )i 1ii t lU( lolomcd 
rays of tho npccttam Thia it mmt b ii 1 the CBW, 

Binco oven &ir "VVilliam lIcMchol ali u i i lit OKist 

with only a minimum of calonfio n iho r«cl 

that the niaxiinuin hcnt inj of the f-i i ji i the red 

i-n>it. 

{™) p. 7e.— Dr. Holiiiison, of AniinKlx, ill his utemoiE On llie JifiUl.^ 
of neat in lesmiing ihe Apnities of Ihe IHemeiilt of ICaf^r. — 'iVnilKne- 
tions of tho Jtoyal Iriili Academy, vol. xx\. part 2. 

{'") p. 77.— Oil this subject consult UobottWcEo Fox, Oii(/,e Tern- 
fierahii-e of the Mineiof Cornteoll. — Cornwall Geological 'iVniiBiietiona, 
vol, ii. ! W. J. llenvtood, on the same subject, t!i. vol, v. i l.tei>oi't8 of 
the British Aisociatiou, 18 10, p. 316 ; Kcliiibiirgh New I'hiloBophical 
Journal, vol. xxiv. p. H.O. 

(«') p. 78. — O/t ths caiisus of Iho lf.mpcr«l"ro of Itol ami Thermal 
SpringSi and en Ihe beanags of this suhject a< fjiiiifrferl with the geiteml 
guesliou regarding Ihe inlenialtemperadiri- of Ihe Harth: by Professor 
Oustav BiaBfeoff, of Bonn. — Ediuhnrgh Now I'hlbsophloa! Juiirnul, 
vol. XX. p. 376 i vol. xxiii. p. 330. Some interesting iufonnation on 
the toraperature of tho ground will bo found iu Brman's 'i'mvels in 
Siieria, Manslatcd by W. D. Cooloy, vol. i. p. 339 ; vol. ii. p. 868. 
Sar la Profoadcar ft faquellese Iroupe la cauehe tie Templralure invariable 
tnira Its '/Voj^iquet, hy BoassiugauU : Annaloa do Cliiniio ct do 
Physicine, 1S33, p. 2i5. Itcfcrciiee may also bo made to Jfiimboldl's 
Cosmoi, Sabine'fl traiwlation, vol. i. p. 165, So. j oiid to tho cxcollont 
fiTticIe on Mfleore/offg, by George Harvey, in tho Sncyelopieilia 
Metropolittma. Thcso chthonisothormal lines are, however, muto- 
rially inftaeiicod by tho form of tho snrfaee, cntviiig npivords under 
amountain, and downwards under extensive vsHoys. 

(^ p. 7S. — Tiicso results are obtained firom the valuable ribict- 
vMious of liobett Were Fox, Escj., made with great e^o by that 
gcntlemaii in several of the Cornish mines i lUpoel on tome Oherca- 
lioH' on NableemiMdit Tempefaiure. — Brifish ARBoeiation T{opott«,vol. 
it, p. 809 i Philosopldeai Msgarino, 1837, vol. ii. p. 620. 
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{^) p. 80.'*'F*omliU expcriinoiits, tho foHowiiii; coiwlu'.ion-i woro 
Dirivod at by M. Dcfaroche : — 

1. Invisible rndiant heat may, insomecirciimsfmiccK, ptssditectly 
through glass. 

2. Tlio quuiitUy of ladtaitt Iicat ^vhiuh passes directly thniujch 
glnss la so inucli greater, reiativo to tlio wEinlo heat emitted in the 
saino diccetioii, as the temperature o£ the mutcu of heat is more 
olovatud. 

3. The calorific rays which have already passed through a Bcrccn 
of ginss, expetieneo, in iinssing through a second glass screen of a 
xiiiiilar nature, a much smaller diminution of their intensity thnn 
they did in pnsniiig tlirough the Hist screen. 

4. Tito rays omitted by a hot body dillcr from each other in their 
faoulty to 1HIS3 tlwotigh glass. 

6. A thick glass, though as mvich or more pcrmcnblo to ligbt than 
a thin i;lass of worse qiinlity, nllo>vs a much BJiinller iiiiantity of 
radiant heat to pass. The difference is ho much the leas ns the tcm- 
pcraturo of tlio radiating source Is more elevated. 

({. The quantity of heat which n hot hody yields in a given time, 
liy radiation to a cold body situate at a dlstniioe, incroasoa, ceteris 
paribus, in a greater ratio than the excess of tompotature of the first 
body abovo the second. — Journal dePhysiiiie, vol. Ikxv. 

C^) p. 80.— -Sir David Brewster differs from tho conchisiona 
arrived at by 0e!aroche. He thus explains his views; "Tho ina- 
bility of radiant heat to pass through glass, may bo iM>nsidcred as n 
consequcnco of its refusing to yield to tho refractive force ; for wo 
can aoarooty conoeivo n partiele of radiant matter freely pormcating 
ft solid body, without snft'cring some change in its velocity and 
dircolion. 'llio ingenious experiments of M. I'rdvost, of Ociiova, 
anil the inoro recent ones of M. Belarocho, have been considered aa 
fstablishing tho perraeabiiiiy of glass to radiant heat. M. Prfivost, 
employed movable screens of glass, and renewed thorn continuaUy, 
in ardor that tho result which he obtained m^ht not be asMibed to 
the heating .of the screen ; but such is the rapidity with which heat 
is pMpagated throngh ft thin plate of glass, tliat it is extremely 
diflienit, if not iiapossible, to observe the state of tho tlicrmomct™ 
before it has been aili^ted by tho secondary radiation from the 
screen. The method ciuployed by M, Belatoche, of observing the 
diftferenoc of elfeet, when a blackened glass fpveen and a transpariint 
one were made saceessivcly to intercept the radiant heat, is liable to 
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an obrioua cnor. Tho Tsdiant hoot ivouUl find a qulokec piraaago 
through tho transpntont actcon i and, thoiclbrc, tho (lil&ronco of 
offi^t vim not due to the tranamittcd hcnt, but to tho heat radtatod 
from tho anterior autfdco. Tho truth contained i» M, Delnisicho'B 
flfth proimrftion is almost a domoiiatcation of tho fatlaoy of all those 
that preccdo it. Uo found Chat ' a thick plato of glass, thou^ «s 
much ox inoie pormcahlo to light than a tldn glass of worse quality, 
alion-crt a much Bmailcr quantity of rndiaiit heat to pass.' If lie iiad 
employed TOiy thick plates of tho purest flint glass, or thick massea 
of iluid that have tho power of transmitting light copiously, ho would 
have found that not a single particle of heat was capable of passing 
directly through transparent media." — Sir D. Brewster, Ua Jiero 
propsrlies of kcai ca eihibUed m its t'l-opagalloit along plalos of i/lata. 
Philosophical Trananctiona, vol. cvi. p. 107' 

C") p. 80. — Proposal of a Nea SHomeaelalxireforthe Science of Calo- 
riJiB Tiorf/ad'oHs, by M. Mclloni. Uibliothdtiuo lliiiveisollc dc GenSvo, 
No. 70. ScientiBo MojuoitSj vol. iii. part 12. Many of the torms, as 
Diiil/uroias!/, or ttansparonoy for heat; AiHalheimasg, opacity for 
heat; TAcrntoc/iroic, coloured for heat, and others, arovaluable sugges- 
tions of forms ,of expression which are required in dealing witli 
tlicso physical pheii 



l*") p. 81. — For aeareful examination of tho several tlicocica of 
heat, coiiauU Br. Young's Course of Leotuna on Natural Philosophy, 
&c., X.pcturo 62, On the ikastirei and the NaWre of Heat ; also Powell's 
very cxecllent Beporli on lladlant Ileal — Koporta of tho British 
Association, 1832, !8i0. Tho transecndenlal view which, the imina- 
terial theory leada to, cannot Ik> bettor excmtVlificd tlian by the 
following quotation from that inexplicable (Ircam of a talontwl uuin, 
Kfemeii/j of Phyaiophitoiophy, by I^rcnz Oken, M. D, (treimlatcd for 
the Kay Society, by Alfred Talk) : — 

"ICcat is not matter itself any more than light is; but it is only 
tho act of motion in tho primary matter. In licat, as well an in light, 
there certainly rcaidea a material aniratratum i yet, this Bnlratratuiti 
does not give out heat and light; but the moifort only of the substra- 
tam giyea out hoat, and tho imviion only of tho substratum Il^ht. 
■Mioro is no body of heat i nitrogen ia tho body of heat. Just as oxy- 
gen way bo caiiod tho body of fire. Heat is real spaeo ; into it all 
forma havft been resolved, sa all materiality has been resolved into 
gravity, and all aclivify, all polarity into light. Heat is tho luuvcr- 
aBl foiisi, toiiiioquciitly the want «V foriii." 
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C) p.81. — ll'iuoiics (lc3n SocifJte I'hysiciuc, He, lieiiyvc, tom- 

i'^) i>. 82. — This curious plicjiomeBOH wan liral oWn-cd by Mv. 
Trovclvan whose Notice regarding iobw Kxpfri»)eiU3 on the Fiiniiioii of 
II IVelat llbcfouid n iho 1 a »not o « of tl e Ito) (d Sooit^ty 

" f" ! o sa e olume, 

la b a tnkkh 



k)i„<r tli.iii th.it ot iln niiLuiiciii.iic portions. 

6. "Tha impulse U Tccoiv«d by a distinct nnd soparnto process nt 
oiich contnotofthebar and block, and in no caso in the molnllb lion- 
iLCCtion of the bearing points iu the bar, or tliosc oJ tSio block, in any 
way esseiillal. 

II. ""She intensity of tho vibifition is (imdor certain exooptioiis) 
jiroportlonal to the difference of tcmpcrntiife of the metals." — Ttana- 
aotions of tho Kayal Society of Kdin burgh, vol. xil. 

("*) p. 32. —'nie Dakorion Lecture, On certain Pheaomnna of Vol- 
tail- IffiiilioH, and t/ic DeconipoaitioH of Water mlo Us Vnm/ilaeiil Oians 
1'^ Ileal: by AV. U. Grove, lisq. — I'hiloTOphicalTraissactions, 1S17. 
Part 1. 

('") p. 83.— Dftvy'flJJe-ifBj-cAfjoH nim>: Woiks, v„i. ri, — I'hilo- 
BophicBl Tiansattioiis for 1817. 

(_") p. 83. — 0« tic J!feH o/ Iltal in Imening the ajinilia of IM 
FJfmciHa of Water : by tho Hov. Thomas Boinnoy Itobinsoii, B, B. ~- 
■I'tausaotiona of the Koyal Irfsh Ajjadeniy, vol. xxi, part 2. 

C-O e- 83. -- An lagnirif amcerning Iha Ckemiail peepertm that hoes 
b^i'i attributed It Light: by Mei^JBinin, Count of Kaaiforil. — Philo- 
sophieal Ti-ansaoliona, yo!. Ixxxvili. p. 449. .-The results obtained 
by (^ount Itmnford were probably dnc to tho iion-lnmiiious heut- 
Vttya -pHrathormic raj-s — which arc known to be givej. off by boil- 
iiig water. 
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('^) )j. 83.— For Bi. J'rftpor'a pnper, KcclliilosoplucBSMnKawwe 
for lUy, 1817, vol. xxx. 3iA bwo«. 

(") p. 84. — Oil Ihe itclioa of the rays of the Hotor Spetlrum on Vcge,- 
taUa Oohim i by Sir J. F. W. Jferaeliol, Uart. 

Tlio pioof o£ tho continjmtion ol' tho visible prismatic Bjioetrum 
bcyoiid Hic oxtreaio violot may be wilncfssed in tho following man- 
ner : " I'nper stained with tinotmo of liirmerio ia of ft yullow colour ; 
Hiid, in conseqiieiiee, tho spectrum thrown on it, if exposed fn oiicxi 
linylisht, is conaidornbly affected in Its nppnroiit colours, tho Wiio 
portion appearing violet, and tlio violot very pnlo nnd faint; but 
boyond tho region occupied by tho violet raya, U distinctly to liCREcn 
a feint prolongation of tho siKictrum, tetniinntcd laterally, like tho 
icflt of it, by straight mul shnrp outlines, and n-hieli, in this enso, nffects 
tho oyo with the sonsntion of a palo yellow colour." — Philosopliionl 
Tninsittlnn', p 13^ 

(sjp g(j — iiio moit iiiiiplili I \]in ilinii ot tiic theory that 
aniijiHl lint IS ddiM-il li [11 1 I I imlv, will b« found in 

Immi' < li M'l, /, Ol I ii to Physiology mul 

laih Ijih In JinUif III) I I ( legoty. Tho ooii- 

clii'.ioiiiaiiiiLd lit bj llii mlmg lus high — anil 

dLitr\tilK hi^h — ]ioii!i a inu«. however, 1)b 

reee>vod\nth great cBuliiiiL i i inunded on most in- 

corroot pierasses, ami hi- i Iho moat hssty and , 

lutpoi feet character At p i^ ii i 1 m pnssago oceiira ! "If 

wo wore to go naked, like i-i,itimiavuio liibi.-', or if m hunting or 
fishmg we wore exposed to thoBamt dpj,rE,eot coldasthaSamoicdoa, 
MO sliotiid bo able, with ease, to con'ttini. ttn pounds of Uesli, and, 
l^chaps, a dozen of tallow eaudlea into tht. bargain daily, as warmly- 
clad travellers have rclatotl with astonishment of these people. "VVo 
ehoiVId then also bo able to take the aaino tiuantity of brandy or 
train-oil withotit bad efl'eola, because tho carbon and hydrogoii of 
these substances would ouly atiflico to keep up tho ci}uiUlirtum be- 
tween tlio external temperature and that of our bodies." 

Abrief examination will exhibit tho error of this. The analysis of 
Beof, by Dr. Lyon Playfair, is as follows : — 

Carbon .... fil.SS 

Hydroycn .... IM! 

Oxygon .... ai.M 

Ashes .... ^,ya 
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Carbnn . . . . , flO 

Hyikogen . . , . ■ if; 

KUtogen . , . . Iji 

Oxygoit , , , . IS 

Alioiit thtoo ^n«« the qMBiitity of oxygen to Hio cntljon eateii, h co- 

qutrod to convert it into catbonlc acid ; hence, the Samoicde, eating 

niOTD highly catbonized mnttor, mnat inspini 3S8 ora. of oxygen daily, 

or nearly oight times as much n» t1io "oidinavy adult." By tho 

lungs ho must take into the body 2,30t cubic feet of air besides what 

will be nbsoibod by the skin. His respirations innst be ao much 

quickened, that at tho lowest poasiblo cnlculatiou ho must ham 600 

pnlaations a iniiiulc. Under such conditions it is qiiito clear man 

could not exist. Thoro ia no disputing the fact of tho cnoi-mous 

nptictitoa of these people ; but all tho food is not removed from tho 

system as carbonic acid gas. 

C») p. 87. — An intoreatingjiniicr by Dr. Davy, On Me Tempernliiro 
of Man, win be found in tho Philosopbicul 'I'tansactions, vol. cjtKxvi. 
p. 819.— -Sic Humphrey Davy, in his CansolatloHS ia Tmvel, or Iho 
ImH Dayi of a I'/iilasophcr, in his fourth dtologuo, TAc I'roUm, hm 
aeveral lugontona speculations on this subject. 

C) p. 87. — Btjiatl do qaelgaea risaltaU ableniit par I'aetian onni- 
bSiite ik la chaleiir tl de ia compression siir efrlaim lUiiiiilei, tcit queftaa, 
falcaol, VilAtr suifariqae, et I'eaenee dc pllfole rtclifile: par M. lo Barnn 
Cagniard do la Tour. 

The three following conclasions are arrived at : — 

1. Que I'alcool a 38 degros, I'eascnco do iidtrole reotiSSo a 42 
dfigTi5s, fit I'^thor sylftiriqiie soumis S I'aotioiv do 1ft chalour ot 
do la coinprcasiou, sout suiceptibles dc so rddiiire compldtoincnt 
en Y«i>onr bouh ub toIuhic «ii pea plus quo double de colui do 
diiiqiio Uquide. 

a. Qu'uiiQ BUgmentallon do piesston, occaslonufo par la prfi- 
soiico de I'nit daaa pluslears des o"!pi!r]ence» qui vienncnt d'filra 
cities, n'ft iM>lnt apjwrM d'obifaelo S rf^vaporation du tiijuidu 
dauslem^raoeapacoi qu'ollo a aoulemeut rendu sa dilafatiou phu 
ealmo et plus ferilo a Buivco jtiiqu'nu mom'-Ht mi lo liqiudo 
soinpio s'^vimouir tout-a-eoap. 

3. Que I'eau, quoiqjio suaeeptible satia douto d't'ire n-duilo 
Oil vajMJW trSs-oompiimSe, n'& pu otro soumis a dea oxpi'iienici 
couipWtos, fawte de moyona (uffiaaaB iKfur asauior I'oxaelo f«mc- 
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lute lis i» luannite do compression, non plus quo dand lo tiihra 
de Ycrro dout cllo nltSrc la transimcciifo on a'cmjuirftnt tlo I'ltlcaU 
qui oiilro dans leur coniposUioii. — AnnaleB do Chimie, vol. xxl. 

('*) p. 88. — SHi-?6t p/iiiiomMes qm prhfiilent Id corpt pr^lia aiir 
des tur/mei chaadea: par M. BoHtigity (iVUvroux). — Annnlos do 
Chimie et de Pbysiquo, vol. si. ii, IC, Congflalioa rf« mercure eii 
(TOM accondct, #« wrtii ife ('t'(H( iphi'ro'idal rfnnJ hh cceiurf iiieandtscfnl i 
pnr M, ICaraday, — Ibid., vol. xlx, p. 883. 

SphsmiiTal Condition of Bodla (£xtrait d'uno Nolo do M. BoiiUgny 
d'Kvteux). 

"All iiombrc des pcoptictca dps corps a Vdtnt S|)hi!rordal, il on 
est cinq qui mo pttrniBsciit oaractoiiBtiqHM ct fondamontnlcs, ct 
o'cst sur cos cinq projiFictos quo jo \ioao In definttlnii (|iiO jc 
souniets nujourd'hui au jHgomeiit do rAoHdcSmic. Ocb oiiiij pro- 

" 1. La formo arroiidic quo ptciid la Jiiaticic buv iino smr.ico 
cliaiifToc a uuc ccrtainc tompcratiirc. 

" 2. lie fait dc 1ft distHiico iiorinnncnto qui existo cufi'o lo 
corps ^ I'ctnt aphoroidiil ct lo corps spheroIdHlIsnnt. 

" 3. J'>a propriety do rofldchir lo ealoriquo rayonnniit. 

"1. I^ suapenfiion d rnetioii cliiuiiquc. 

"6, Im fixity do la tcmporaturo dea Corp,! 5 V6ttA spMroIM. 

"Cola posfi, YOici la dofiaitioa qiio je proiioso: «n corps projcti! 
8UT line surface chaudc est a I't'tnt spheroidal quand it rovi^t la 
forme arrondle et qit'il so maiittiont sur ccttc Burface au dela du 
layon dc aa spliiro d'aclivito physique ot obinilquoi alors il 
rdlloohit lo caloiiquc rayouimiil, ot scs moU'Eules soiit, quant ft la 
olioleur, dniis un ctnt d'oqxilllbro stalilc, c'eat-a-diro, a "no tom- 
parafurc iiivariabta, aw qui no vario quo daus dcs Hmltca ^tcoites." 
— Comptes Rendus, Mais, 1818. 

('9) p. 89.~Sjnij/os/srf(B/ii'B(o tki Siihiroidai ttala of ItoHifSy Fire 
OtdeaUIneombmliMe a/oH, §c: by P. H. Bouligny (d'Evroiix), Pliil- 
oao|>hiGal Magsztne, No. 233 (third aoriea), p. 80. Comptes Rcndiia, 
May 14, ISW. 

("*) j>.9a.— -The licory of freemng itiixlurea is deduced ffoiii the 
doetrino of lateiit calorie. Those are miiituTes of saline sutetanecs 
iviiieh, at the common temperature, by tJieic miitaal chemical action, 
pass rapidly into the fluid form, or are capable of beiiiK rajiirtly 
di^olved ill water, aud, by this quick transition lo fluidity, ateiirh 
caloric, aud prodxieo degrees of cold more or less intense. -~~- Itcv. 
Truueis T.BUH, On Heat: Kacyelo|>a;ai« Me(rO|)olitaija. 
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(*i) p. SO. — Propriils ile I'Aeidc Carhnaiqia il^uidd : pat M. Tiii- 
loriori 'Auiinlps do Chimic, vol. hi. p. la?. Salidifietilha rle FAcUla 
Carbvniqiia : Ibid. p. 432. 

(«!) p. 01.— Ob the /ri^Me^BefiflH and Si^id^ficofmn of Baaiet •/cnerally 
existing at Gatst : by Miehdol FstfUky, D. C. L., 1', XK, S., &g. ; Fhilo- 
8ophtealTian»acttons, vol. oxxxvi. p. 1S6. 

C^) p. 02. -™ liHrns, in ono of iiis moBt naturnl and most patlietio 

(") p. 93. — " These — • oxygen, hydrogen, nitrogen, niul carbon — 
nrc tho four bodies, in fact, wliioh, becoming Bnimntod nt tho firo of 
the Bun, tho tfUo totch of Proiuothciw, B|>provc thcnwelvcs upon flie 
enrth tho ctomal ngents of organUation, of souBntion, of motion, and 
of thought." — Dumas, f^fons dc Pkilosopkie CAiaiiqiw, p. 100, I'mib, 
1837. 

(**) p. 04, — ItivillbB found in examining any of tho works of tho 
alchomists, — particulai-iy those of Geher, lie iiineiiiendi arte Ann et 
Argenli, nnilhis l>e Alchemid ; Roger Bason's Opiu 31tyus,0)- AkAj/miii 
Mtyor; llolvetilis" IMefaflhe Goldea Calf; Or llBsil Volciitine's Cur- 
fHj fritimphalis, — that in tho processes of transmuintion, tho solar 
light was supposed to be lOBtvellously cffcctivc. In Boylc'a Skeptical 
Ckemiit, tho sninc idea will be found pcivading it. 

Amid all tlioir errors, tlie nlEhcniisIs were nasiduous worfiinou, and 
tothemwearo indebted for numoroas facts. Of them.nndofthcir 
ago, however, as contrasted with our own. Gibbon remarks : " Can- 
gcnitd to the avarico of the human heart, it w«9 studied in Cliina, as 
in Eiuropc, with equnl cagetness and ccpial suceess. Tho darkness 
of the Middle Ages instirci! a favournblo reception to every Into of 
wonder; and tho revival of learning gavo new vigor to hope, and 
suggested inoro 8i>coioiis arts of deception. Philosophy, with tJio aid 
of experienec, has at length banished tho study of alchemy { and 
tho present age, hoiv-cver desirous of riches, is content to sock thcni 
by the humbler moans of commorco and industry." — Veeliae mtd Fall, 

vol. a. p. 137. 

(*8) p. 95. — On the two theories tiio following may be consulted! 
— Young, Supplement to Jiaeydopadia Jlritaiiiiica, sriielo CArotttiitim ; 
I'rESiicl, SiipiAimeat h la 'jyadaetion I'Vanpaise de la &t>me idiiioii du 
Tmiti de Chimie de ITiomtmt, pat BiSfeuW, Paris, 1832 ; Jrei-soliel'a 
Rvtii^c, Light, in tho Bncyckip^iii Metropolitana, anil tlto French 
translation of it by Qiielolet and Vorhalst j Aity's 3Vne( on tlia IJadii- 
laiorg Theory, in his Tracts, 2nd edition, Cantbridge, 1831 i Powell, 
Titi l/adulu/of!/ Theory applied to Diipersioa, &o-, p. I8ii J.loyA'fi 
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Ijjdur^, Duljliii, 1836-11; CaHClty, Shi' U iUmvetixmt ttei Poijk 
itailiquei, Momoires do I'lnstitiit, 1827, vol, ix. p. 114 j Thlorie de la 
Lmnilrs, Ibid,, \ai. X. p. 293; IVCvlU^ti, On Double Hefmdion.lUd., 
vol. xvi. ; Goomtirical Pri^miiiom opplifd to ikt Warn Theory of higlit, 
IMd., vol. xvii. i Sir David Brewsfci's ptijiTOa In the IVftHsaiiUous of 
tho Hoynl i^oclcty of Bilinbiicgb, ttnd the I'hiloaophical MagRxtiic. 

{"■) ji. SS. — RemUt of AUronomkai OUoraitiom mnrfe daring ihs 
years 183* - 38, at the Cape of Good Hope, §e. By Sit John ircraoliol, 
Unrt., K.1I,, D.C.L., I'.H.S. — " In the coutcmplstion of llio iniiuitc, 
In luinihot nnd in magnitudi^ tho miiul ovor ftils iis. Wo stand 
njiptilled before this mighty spectre of boundless space, and faltering 
rcaFJoii limits under tho loud of its burstiiig concept inn 9, llul, placed 
RS V.0 nro on the great toeoinotivc of our system, destined rniioly to 
complete nt least one round of its ethereal course, and learning that 
wo van innko no apparent advance on our Eidoronl journey, wo |>ttnt 
ivith new ardour for that distant bourne which wo oonslantly ap- 
proach wilhout tho possibility of ronohing it. In fcelinj; this dianp- 
pointment and patiently bearing it, lot us_ oiideitvour to rcaliKO Iho 
Brest truth from which it flows. It cannot occupy our mind with- 
out exalting and improving i(," — North itritish Heview. 

(**) p. B8. — For examples of this, consult Qrnbam's iifoineiiftr of 
Chemislryi Brando's Slmaal of Chemistr;/ ; or, Indeed, any work 
treating of tho science. The forinatton of ink, by mixing two eolour- 
loM solutions, ono of gallic acid and another of snlphate of iron, may 
be t«kcn as a familiar instance. 

C^) p. 08. — Sir John Ilcrsehol, in hia paper On (he Cbfmt'cal 
Action of the Bays of the Solar l^eclram o« preparalimi) of Hlhcr, re- 
marks, that " it may seora too haEsrdous to look for tho caneo of tliis 
very singular phenomenon in a loal difTcroneo between tho chemical 
agoncics of thoso rays whjoli issue from tho contra! portion of tho 
sun's disc, and those whieh, emanating from its borders, have under- 
gone tho absorjrtivo ac«on of a much greater depth of its atniosphorc i 
Bud yet I confess wysolf somewhat at a loss what other cause to 
a^lgn for it. It must saJRcc, however, to have thrown out the bint ; 
roniarliing only, that I have other, and, I am disposod to think, deei- 
siTO oviitouco (which will And its place elsewhere) of the cxi»lenco 
of an ahsorpttvc aolar atmosphere, extending beyond the luminous 
one. TJie breadth of tho border, 1 should observe, is small, not 
exceeding 0.5 or ^ parlof the sun'a radius, and this, from thpcircnni- 
st«nec3 of tho expotimcnl, jnust neec*)flrfly err in oxeCss." — - Fhilo- 
Bophieal Tranaaetions, 1840. 
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(*) p. 90. — Egwri'swnft nM Obsefnaliom an mm Cases of Urns in 
ihe Priamatic Speclrmfiiproducedhy th^ piissi^B of Light Ikrough Colevred 
VajKui^ and Oaset, and from certain Coloured /'Vbjhes : by W. A. JHU 
lar, M.D,, F.H.S.. Professoi of Chemistty in Kmjj'R College, l/jndon. 
— Philosojiiliieal MagasiDC, vol. xxvii, 

C) p. B9. — fle^rt o» f Ae Molliuea and Radiala of the Mgemt Sea, 
and on their liislrihulioH, coruidered m bearing on Geology. By Edwfti'il 
JForljus, P-K.S., &c. -- Itoporla of tho UritUh AHsoclatlon, vol. nii. 
I'rofcsHor Torbcs rontarhs ; " A compniiBOii of tKo toataooH, nnd 
other animals of tlio lowest zones, ivitli thoac of the higher, cxhiblls 
n very grcitt tlistinctioii in tho huea of tho speoips, those of thodoptlia 
holiiR, for (ho most part, ivtiitc or colourless, while thoBO of tho high- 
er regioiis, hi a great number of instances, cxhiliit bvillinnt oouibinn- 
tious of cnloitr. Tlio results of au inquiry into this Bubjoet arena 
ioWtma: — 

" Tlio mnjority of shells of the lowest none arc white or transparent ; 
If tutted roso is tho hue, a very few exhibit markings of anolhor col- 
our. In the Bcvonth region, ivhile si)ocios are bIeo very aliunilniit, 
though by no moans forming a iirojioition so great as tho eighth. 
Itrownisli red, the prevalent line of the brnchiopoiln, also gives n 
elraraetet of colour to tho fauna of this /one ; the ovustacoa found in 
it are tod. In tho sixth zone the colours become brighter, r«da and 
yellow* picvailing, — generally, however, unifrtnuly colouriiig tho 
shell. In the RCth region many species aio bandcil or clouded with 
various coniMnations of colonvs, and the number of white apccicii 
htis greatly diniinislicd. In tlio fourth, purjilo hijca are frequent, 
nndcontrast! of colour common. Jnlhc soeond and third, gn-ort and 
bhio tints ate met with, aoinetiniesvoty vivid i but the gayest oombi- 
nation* of colour are seen in tho littoral kduo, an well as the most 
brilliant whites. 

"Tho aniiruils of TcaCaeea, and the Itadinl-i of the higltor zonea, 
avo much mora brilliaiitly coloured than those of tho lower, where 
they aronsuolty white, whatever the hue of thoahcll maybe. Tliua 
tho genus 'jflwAiij is an exampio of b group of forms mostly present- 
ing tho moat brilliant hues both of shell and animal i but whilst tho 
animabt of sueh apiHiica as inhabit the littoral lionc af c gaily ehcijuer-' 
cd with many vivtd hu^ tluMO of tho greater dcptli, tlmugh their 
shells are nlmirat as brightly coveted as tho coverings of their bIUos 
iiuarCf iiipsiirfiicO|hava thck animals, for the most pttrt, of a iinifoiin 
yellow or rciidi-ili hue, or else entirely white. Tho chief taiise t>^ 
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tWs increase of intenaity of colour m wo nscenil, is, doubtkai, tho 
increased amount oE light above aeerfaiu depth." — p, 173. 

(^ p. 100. — '^^BptpMiB. Oittie l^lpelie Di^fnlon of !,ig/it, heing 
a paper entitled, Oit a ease of Saperfelat Ci^miT presaitedbg a homog/ra- 
eevt Uquid intefHally eohnrlfss. By Sir J. F. W, Herschel, Bnrt., K. 
31., H'.H.S., &a. — A» epijKilai-ized beam of liyhl, (meaning thpceby a 
boainwMchhiisoiieebeentraiisinitfKdthioui{lmqniiiifiirouJiflolntioti, 
and undorgoiio its dispersing nciion,) i» ineaimhle of further Jindrrgoing 
epipoUo dbiiertion. In proof of this tho following experiment inay bo 
nildnocd. 

]?xp. A glass Jar being Tdlcd with ft qninifcrons solnlion, n piece 
of plate glass was inimcraod in it vctlically, so as lo be entirely eov- 
ercd, and to prciont one face directly to the inoidciit ligiil. In Hiis 
situation, ivlien viowod by an eye almost perpendicularly over it, bo 
as to grn;io cither surface very obliquely, neither tbo anterior nor 
posterior fneo showed the slightest trace of opipolio colour. Now, 
tlio light, at its egress from tlic ininiersed glnai, entered the liiiuid 
under precisely tlio same circiimalnnccs as that which, when travers- 
ing tlio anterior surface of the ginse jar, uiidonvont cplpoHc itispDC- 
sion on first cntcritig tlie liquid. It had, therefore, loal a luropcrly 
which it originally jiossei3e<l, and conid not, therefore, he considered 
■jrH(»?i(n(iVc/y the saiBE light. — Pliiiosophical 'IVanMictioneiVul.RxKxvi. 

(W) p. 101. — In connection with this view, tho Newtonian theory 
shonld bo consnlted, for whioh nut: — A *j«£i- o/'Mr. If^iw Kewton, 
I'rofiiior of the ilrHhanalirhs in tho f'lih: , ..'■,- .,! r, ■,.>■.; '.■-/• ; i-ontiiiii' 
iaghisncui Tkeoey itboul Light and Cohr- ''km- to tho 

Viihthher from Cambrklys, F^, &, \&l\ ■ 7. . :,n imitated 

to the It. Socielt/. 

(=0 p. 102. — In that ftilmiraUe work, The Phytical Alloa of Dr. 
licrghaiiB, of which a very complete edition by Alexander KoilU 
Johnstone is published in this country, the following order of tho 
dUtlibntion of planls is given : — 

1. Tho region of piibns and ) „ . - , 

bananas ..... | Kl"«tar.al /one. 

2. "iVcc-fems and figs . . . 'IVopicifl Kono. 

3. Myrtles aed laurels ■ . . Sub-tropical zone. 

4. Hvergrecn trees .... Warm temperate KOnc. 

5. European trees .... Cold temperate Kono. 
G. I-ine^ H.ib-arctie ^one. 

7. Hhododcndrons , . . . Avclic ?,one. 

8. Alpine plants . , , , Polar zone. 
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Consult IIumboMt, asni sur la Qlogfaphit rfei PUfntci, I'nris, 1807 j 
»* Di,tnbulU»^ Gcosr^hicA Pla,0«y«»<, F«Eis, laiT. Scliouw, G^und- 
^md^" l'JI»«^,9^mphle. UmaM^,,x, Gfy,jr«phU rkg,l.j„^.. TAe 
J lant, a BtB^efphg .- by SeMadeit ; tcanslatea by Uciiftay. Physic^ 
Geoi/raphs ■ by Sirs. SoDierviUe. 

C") p. 103. — Fraucnhofor's meaauremcnt of iiluTninit(i„K poww 
Ja as foiiowB : — 

At theaandckgcDCoftliciert OSa 

" Sith (tc;!rpo nf tlin ,[.,1 .....'.'..' o.oa.l 



i; of tho yellow i.o( 

'!■ of llie yellow o.S: 



f of the blue 



0.170 



" liiili ili;;i(i> of the indigo , , . 

l:li,l,i,.L,,™ of the violet O.OOjg 

1") ]'■ liKI. ^^ri-c^luti. On /AoAclioH of Ori/slarihed Itoiiit^ on Hii- 
>yi^iio,nJ.!y/U,u.„to»ll,e €«us,i of a,B delation from Scwlon-, ,™?« 
('. Ihs tmls which mans/ of them decelepe on cxposurelo a polan'icd my. — 
I'hil. IVanH,, vol. ex. p. 88. 

C) p. 105. ~ On the Nature of Light and Colours ; Lucluxc 39, in 
"^ouHg-s Lool,^ o^mtt^at i-hih,oph^, KoUiuul's EOitbn, t). 373. »iid 
f ha Ruthoiili(» there quoted. 

i^) p. lOB. — HrowBtCf'B O/jft-a: J^rdner-B Cabinet Cyeloi^dia. 
Herschol, OiilJgkl; Etioye!oj)ipd!a Mettopolilann. 

^ p. 107. — Malus, Sur am Froprias <k la Lumihe m^fehte: 
JKnioivoa d'Areueil.. NumeroaH momoire by Sic David Iko\VBlcr, 
m tho Philosophical IVaiisactions. 

(■«) (.. !0S — Bartholin, 0„ Ite/a»H Ceyilah t Copenhagen, leou. 
An Accompt of sundry i^/wriwoi/s made and oomiHtmicateii *(/ (hot 
l-eam'd Malheimtician lit. Kcasmufi BfirlhoHii, ,<i>o,t a Ckrg/itnl-like 
Jtadg tail 10 himmit of Island: in eomicclion with which Br. Mftlthi- 
im I'aUaonius ivritra : Tho obsen-atious of tho oxcollont Hnrtlioliii 
upon tho Isbiid Chtystol are, iiideed, eoJiRideniblc, gs well ns jwtin- 
t\x\. Wn have Here, also, mado Metso ti-yals of it upon a pioije ha 
lircseiitcd mo with, which conttrin hisobBCtraltoiis. Mean time we 
found it somewhat seisaile ajid redueiMe by a knife into tliin laminnti 
iiv plates, wliich, when Bingle, shew'd tho object tangle, but laid npon 
"lie anothoc Kliow'd itdoubto; the tivo iiaagcs appearing the mom 
distant Umn one anoiher, tho gmatcr tho number was of tlioso thin 
j.lot«3 hiid Oil one another. With Mubniission to better judgcmcnla I 
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354 »OTK3. 

tliink it to be a kintt of SeJcnites. Somoof ourcitriauttmcnlKVQ 
were of opiiiion that the Ehooibfiid fi|;uro piopct lo tliia stoiiE was 
Ihn cansc of the appcaFsiiccs doisbkd thotby. But having liyid 
wltcllH'r iiii olher tiatiai-areiit bodks of fht like lt)tiire thi- liku notiift 
hapiicsi, ne found bo such thing in Ihciii, which luftdc hb s«»|iecS 
Bonic }'i!i'iiHatily in the very Body of tliis Stone. — Pftil. 'I'laiM. te 
1670, vol. V. 

(I"') 1.. 108. — On the AppJkathn of the laies of Circular i'olarhaiim 
lotke UesfoTchcs of Chtiiiislfy : by SI. Jiiot. — NouvpIIps Aiiiih1c9 ilii 
Miispum d'llistoire Kiitiiiclle, vol. iii., aiid Soifiiitiflo Slcmolis, vol. i. 
]). 000. On Chcuiar I'ehniialwa ; b)' Dr. I^CSOn. — Mcnioiia of tho 
Ch«mifnl Society. 

("H) ).. too. — In Sir Ilavia KrCK'stor'ii 'IVnnlisD On O/if/rs, chap. 
xviii., <h% l'o/nW:ii(ioH, liii! beat airuiipniciits for il|iolniiv.iiig ainjaja- 
tlis n ill be found describe*!. 

p 09 A Ji h cccnllyliecu 

slrunu-nt for 

a .i!-iy. On 

nl iliiinpes nf 

h oport oftlio 

y f light :hy 
)h h Diiihhh h ID following 

p fMJBBrsd 1 dh cmicnl rnys 

d Gc to h I h d g1us>, under 

Bn incidenco of 35° 6'. Tho tnya reflected by the fi>st gisss were 
leccived upon s second, under tho sanio incidence. I found iliat 
when this was tncncd towoids the soiilh, the murinto of silver 
exjiosed to the invisible rays which it reflected ivas durhcned in less 
thou half nn honr ; whercss, when It was liitncil lowmda lli« wwit, 
the inniinte of silver esposed in the iilacc where the rhy» onght to 
havo been relleeled, was not dRrkeiicd, sithoiif>h it was Icit exposed 
fi>r two houis. It 13 coiteequeaitly to be tiit^umed Ihattha chemical 
rays ran undergo doable refraction in traversing certain dlapbnnous 
bodies i and lastly, wo may say that they enjiiy the saiHU physical 
|iropfirties as light in general." — Phibsophieal Slagaaine, vol xx. 

Dr. LciKois has stated that Daj-norceotype pictures eaa be taken 
Biore rf^dily ander tho inflaence of polarjiiied light, than by oidinaty 

fVf>) p. 1 iO.— Ort the MagKefizaUon of hl-jht, and the ISlumln'ilifM of 
MegnHis Liiict of Farm by Micliad FMBday, B.O.U, F.lt.8.™ 
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yhUosopWeal TransRctiona, vol. exxxvii. — The ftilbwing tpmarka 
Bta to tho point of doubt refoircd to iu Iho text -■ " 'i'lic magiietic 
fotcM do not acton thuray of Ugltt ilireatly and wtthouf. thy irilcr- 
vontiQii of matter, but throttgb tHc incdiatioii of tha subatniiuu iit 
nlitch they sitd tho ray have a simultaQeous cxiatoace j the siili- 
ttancea and tUo forces giving to and roeeiving from each, othtr llm 
power of acting on the light, 'lliis ia shown by tUu non-actiun of a 
vauuuin, of air or gaics, and it is aUo furChttr shswn by tlio sposiHt 
dp;;rcr in wtiit^h different laalters |>033C9s tho [jvopotty. That iii»g- 
■■ !i Ti:. r .:■ i. mi. Ill tlic ray of light always with tha smuo ohncBetoc 
• ■< ■ III' ' . ' ^'i ihi: sniiie direction, iiidapoiidcnt of tho dilforont 
\ . ■ -I iiii-c, or their statoa of solid or liquid Or ihcit 

([.!■■ iiri Li.i lUf iiiiir, showa that tho magnetic force and the light 
tiHvc a (lui'ct I'k'Lilioa ; but that subataueea aio noccBSnry, and thnt 
tlicso act ill different dogrooa, shows that the innguetiam and tho 
light act on each other through tho intervention of tho inHttoc. 
llccogniiiiig or perooiving mailer only by its powers, and knowiilf; 
nothing of any imaginary nuclciti abstract from the idcu of thcso 
powers, [ho phenomena described must strengthen my inelination to 
trust in tha views I liavc advanced in rcfeccnen to ila iiatiiro."— 
I'hil. Mag. to)- xxiv. 

(™) p. IH.^Tho invention of tho camera obaoura certainly 
bolonHS to Giamhattista ForSa, and is deaotihed in his M<i-jta: 
Naluralin, ii'ce ifo iliraculii Rsniat i\'aii'ral!usi, LUiri Vijinti; Ant- 
werp, I5S1. An English translation msdo in t6J3 cxislH, but 1 hHve 

llooko, in one of the earlicjt voluine! of tho Philosophical Tran'i- 
ftotions, describes, as new, many of the jihenoniena monlionud by 
Porta, and pattiqulKriy tho images of tho dn k cha nb 

{''")p.ll2.— Mersehel, Onii^Ai. — Ei yooij^dn lo o o a u 
{'*) p, IH. — " I would hero olwervo thftt a CO do a onot any 
Bueh phenomena (tho obliteration and rev al of pho or a a 

iiigi) has led me to r^ard it ai not imposs ble that the e f 

inay bo ph^lO'jriififiienUg impresjod by atmn h a 
kait of tho pheaocaaiia of vhaal spautra a I e a 
arUo from the sensorial poEception of at s h 
tho phyaVcil state of that o^an ttiolf sub u 
tho direct Bliiiiulaiit." — ■ O.t tie Action oj k n 

(i'«)p, 110. — Dmnetil, 

(IW) p. n^.— Thcoeij of Cetouri : by Goet o I aas 6 I bj 
Bastlalu;. 
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("=)p, lao. — ThoiHosteomiilotowoimiimUonof this sulijctt will 
bo found ill two Sleraoirs ; — 

1. HxjKrimeafi and lAiereatiint on the light wMch I'j aitvil-tiipomty 
eiail/id icith some Agra af tisriiuiiifiicff J torn laiiota bodi i Fiiil 



Hull I I I 

"•■/' ' 1' I I I I K I I I il I lI li 1 il 

pJioVi^fHun Johiistou 8 /oophjli", 2iiil prliUitii 

(111) p 120—71 fftncni OHthiio o/ the Antmal Kmf.hm by 
lliuinn^ Ujinor Jones I'L.'s — Atnlciiba p (il /^-w™ i) M 
Duiaai sur la PkosphoresceHce <fo» Vers biiatwla: pnr II. Ch. MtlttO- 
ucci. — Annnlcs ileChiii>ie,¥ol. ix. |>. 71, 1843. 

("') p. 120. — PhoaphoresMitai oflhs IMmmitd : by If. KoinB (Rcviio 
SoiuiitiUquo et IndmtrioUo, vol. xsiii. yt. 185). — "ThB iHsmoiMt, 
pbo»i>liijroHecnt by ingtilatioii, lost rapidly its i>lioH|)liov<!SRnncc when 
mibiiiittcil to tiio notion of tho red rays of Iho solnr H|iculrum. On 
tlio contiavy, tho blue rays are those wliicK roivdcr tbo iWaiiioml tlio 
moat liiiiHiious in tho dark It li iirobablo tliat the pltos]ihoru<ceiii:o 
produced bj heat is equally dtntiiuahcil lij the actum ot tho rod 
rnj'*ofni< M.L.I ^iiuhu.,1 Tiuimm r..iii t> ISii mii i in.bh'iliod 



o'"" ' ' ' II III' JouniBl 

of th<- itiii d Ii!-li(utiT;iiot ( u ,t i!iit,in, Oi! IbJQ, lili IS3t -— 
ThOTC two mtmoin eoiifam tho most com|iloto set of expoiimoiiti on 
this fiubjeot which ha:\o yet been rando, soo Plneidiis Ifiimuh, 
iVto^oftt^nz der Konif, vol ly OincKii s Ilandbaeh iTei theinis 
parti,— ",! 11,1 I hiyilionaeence of l/.m,(i/i, llrcwutw I dinburgh 
Pli!l<BO|>hiinlJoimial, »ol i p 1J7, — I he An lat Xoailura, or mme 
Ncte 1 ieiPimena, imd a pyBCtis oj a JaUiUmn ntf skating saby'on i. 
Sovio's Works, voi, iv. 

("') 11. 131. — Dei PJfclt prodmie »ue les corps par tea nut/am So!t<l~ 
res; par SI. Edmond IJecqaeteL---Annitlei de Oliimie, vol. ix. p, 
2S1. IS 13. 

il. His^qwetel has applied tho term pltosiilioivglnlqae to thuse rays 
pi:oduG^ig phoaphoc 
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NOTES. 33^ 

('«) p. 127. _ Sec flwraj-rfM 0)1 /.('?«(, liy tlte Avitlior. — Ei^fcrcnco 
to oily of tho works of tho ftidiofiiiats ttiU prove tlic prevnleiioo of 
the idea cxpro^cd in the text. %Vo find that golil wbb considered 
to bo al»a\B undoc the nUaenco of 1 1,' t a d wilar h<?ii( "It is 
sail of t U tlatit wBi-eth eoU to nrts In 1 ght ?o ch that 
thei 1 o ar t [,i of t n s) jictce a he thp In - ie«dy 
tfldni --/j(»yrfonOn) i e I g tAeJ e o/ tin 
Worll Cn I Igc 1043 

(W) , 1 H ort to ho Am Ion of SoieiiKeo: 

i^JDag on / J ; Of rf ! / J>«j erriotgpt 

etd D c laclj the Use Ij ( o ot riclio^r/f 

phj 1 ) ttcra b) ^lopco 1 bl si 1 for tho 

first t 

( ') J 131 ~ If B solu on of ] eroxal te of ro 1k! kept in b 
dn k place or f t bo oit| o cd to 2 2" of 1 ihr 1 r so al houra, it 
docs ot Ip go a J so fc bio ha go ts|l nl pr oeIiok, nor 
does it exhibit Btiy iihcnomoiioii ishitli may bo considnrLa as tho 
rOBUlt of sny oiemeulnty action. 

" If, however, it be exposed to the infliieoco of solar light on a 
glass vcaiol provided with a tube, tko conouiiltatcit solution of oxa- 
lalo of iron soon prcseiita a vciy inteEOStiog phenomenon : in a ahort 
timo the solution receiving tho soiar rays, developes an tnritiile 
nuinbof of bubbles of %&», which tieo in t!ii! li^Mov wiih increiising 
rapidity, and give the aoiwttoH the appeariiiK.' ii' -:.!i,|i n ili-i;^oing 
strong torincntalion. This ohuOition a'":i> . i.onJ 

almost tumultuous, when an unpolished j;! i ■■ ■ ■ I i ^i it 

tviibaamallpicee of wood; the Uqiiid it-cSi ■ ■.■i.-m..!.;-. iino.va 
into a.sccn<ling and descending earrcnts, beconu^s i;radiiiil!y yellow- 
ish, turbid, and eventually precipitates protoxakto of iron, in the 
form, of small biiliiant cryitaSs of a lonion-yellow colour, gas con- 
tinning to erolve." Ckemieat action oj light, and farmation if Ifrnii- 
iaWhiisiy i(.- Phil. Mag. 1832, aeeo d»c o — ^\!e aso to of 
platinum in nltro-ranrlatio acid, i which tao exeos o ae d has b e 
noatraliaed by the addition of lit e anlw chha. n 
by flilration, is taixod with lime water tho da 1. 
to any considorabla extent takes p ae fo a lo 
uone whatever, though after to y lo g s an I 
sediment ii formed, after which K a 
But il the mixture, oLthsc frcib y n d o 
denco of thij sedimont, ia expose to u h e 
milky, andacopioiafarmatUniofa ?h opet e( 
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one, if the platinCe solution bo in excess) token place, vbich sulisides 
qnieklj- and u easily (*llccte6. Tho same (akea piaeo ibate rfowly 
iu oXoudj' daylight." — Qn Iht aeiloa of ligH in ddermbiiag llie, preH- 
lyilalioii nf Muriate of I'latmuin 6j Lime-water ; boUig an extratt ftom 
Sii- John G W Herstiiel, KH PH8 ^c,toUr lUubei,) -• 
Phil MBj, 1832 

(" ) p 132 — On a rf ^ of the 

Sun m tha pivptr/iea of IJrapor 

i the eAang > loA eh bo I t He 

Oes I I il clmnu^ 

«/ / ys b, J \\ Drapti M D — Ihilo 



leUi H vol 

( ') i 13! — Si T 1 ^\ Kcr hcl LU KjJt(i 7.0 7 //? 
I) Iho lutiior 

("*) |i. I3i. — Attention has boon (lireotwl totlto protecting notion 
of certain raysof tho spectcum by Sir Jolin Ilomehcl and otlioi^. Seo 
tho Eiglitcoiith licport of the British Association for an experiment 
by the Author, in which it whs pioveil that all tho lAOWt nxys pio- 
toctcd photographic paiieta ftaei choniicnl chnngc, and, thoraforo, 
convijioingly show (hat light and actinism were not similar |>owo™. 

(i") p. 13B. — '• Haying noticed, oiio densely fo^gy day, that tlio 
cUso of Hie Ban waa of s deep rod colour, I dlroelod my apparatuu 
towards it. After ten seoonda of oxposuro, i put tlie prepared plalo 
In tlie mercury box, and I obtained a ronnd image perfectly hlaek ; • 
the sun had produced no photogonie oifeet. Sn, another cxpi-iimfiii, 
J left the plate operating for twontj minutes ; — the sun had passed 
over a cei'tai ii s^'^o of the plate, and thcro resulted an image seven 
or eight times tlio sun's diameter in longUi ; it was black thviiugh- 
owt, HO that it waa eyident, wherever the red dino of (be stm had 
p^ed, not only was thoro a want of photogenic aetion, bijt the rod 
rays had d^^troyed the effect prodijoed previous to the sum's pMsago. 
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1 repeated these cxpcrimonta during sevctal dnynsoceessavcly, opocat- 
big with a Bim of difforetit tints of red mid jx'Uow. Tltcao ditfcrent 
lints produced Heaily the earao effect ; wherever the k«u hod imssed, 
thorocxiafcda black band." — Mr. Clnudct, On a^erent pn^ities o/ 
fhlar lla<liulimi, modified by coktarcd glaia media, §o. i Phil. Trans. VSil, 
Part 3. 

('^) p. 136. — "Itmaynlao Ijo obsctvcd that the rays effective in 
destroying « given tint nre, iii a great muiij oaseB, those whose union 
produees a colour coin piemen I ary to the lint destroyed, or at least 
one belonging to that class of colours to which such coiniiloiiicntnijr 
tint may bo referred, for exmnple, yellows tending towards ornitgo 
aro destroyed with more energy by tho blue layH i blue by the red, 
oraiise, i"ul yellow rnys ; invqilps nnit pinka by yellow and grccit 
1111-, ■■ Sli .r. r, \V. ili-iiilii!. <).: ih,_ ,„n.mofthe rayso/ ths Solar 
■■■ ■ ■ "■ ' I I..1K., vol. Dxxxiii. 1842. 

■ ' ■ 1' !'■ ■ I 'I ! ■■ I ■ I ■ iiiulworkanioiicccssaiyfoa 

n^:llpl( '.:■ )ii :|,r, J 1)1 (he iinpiiL 1 I /'.■,•„ ,iii':-i/i awl (ibsereiilioim rehil' 
iny (-J \:uri(i\:i biVMlii:^ t>J nidurul pAi/ustiji/iy, Kilh a miillniin/inn of' ffio 
obieri'olioiaonair: byDr. Priestley, London, 1779. Mimoires I'/iffsico- 
MiHigiKf, ^, : by J. iicnobicr. HxpMonaa tar let Ktijelaui:, by Do la 
Villa : Paris, i7S2 i and Phil. 'IVans. i782. ObienMlo-is >«i- fes expe- 
riences do V In/enhotui byDoiaViUo, Itos obs 33, 290 tepiit 
mceajoopitslidiwleppeifleaejffeti de la liimilre tui ar/niiies planlei by 
Tti-i.r M.m ikl Vc (h Si <1, Pm t/S .i l"' luhl "\r i„ n 



I 1 1 Inseiifrfttz , Ann Chim iil Sndac 
I iflaence rfs la tumiire i"i- queliiie^ i 
Jl^ (. Ill n J.Li, df. Ph hi 124, 'Sm > VI ! 
Anil Mil iii. Mum dca Sav Sir i 1 <i 
fii vfgtiation by Baussure , Ajui Chi 
381, Odb Ann xvui 208 Seihtrehe 
cxpasf^ h la bimifri da mleil: by Ruhla 
Joui, do Ph. 18 IS, Qa the aetioa o/ i 
vpan iha atmosphefe ; by Dr. Dauboi y ! 
18S6. On IheBcUoaof yelloa tight / 
iHifiya light on ihe iHOVsmeHls of }la t» \ It i 
xsiv. 1 JiiM. Univ. xlix. p. 370, a d M p ail O tl 
light an plaais ; by R, Hujiti IM Mat, x\\ \ Sb 
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UO KOTKS. 

kHx. p. 383 ! Afheji, 1844. Nale on the deeompou'tlon of carhonle 
acid bj) t/m leases of planfa, tm^er Hie injliience o/ yellow liffhl! lljf DrR. 
jrer; PJuLSIag, xxv. p. 169. Ont/iaactioao/lhei/eHoKTassqf HgMon 
vegetttlhn: byllarkness; Phil.Mog.xxv.p. 339. I^fiaenm, iksrason* 
lotairm sm- la vegilalmit: hjZa-ntcivscin; Inst.Ko. fill, ]>. 1ST. 

(ii«) ]!. 138. — Sir John Hetsdid'a Slcmoita, already lefei red to; 
and lisporh oii l/ie injlvence of the Sitof rtoj/s o« the growlh of Plonis, 
by Itobcrt Hunt : Report ottho Utitish ABSOciotiim fov iho AdvonBO- 
mciit of .Science, for 1847 

("'') p. 121. ~ Memoir on IhsConttiiuUon of Ihc Solar ^eelrum,<eto- 
BCiitcd at tho nictliiig of tho Academy ot faciciicot, 1848, by M. 
Edinond llEcqwercl, Dls ifTlt i> "'"'■■ ''> '" toijia par les roi/oiii 
ao/«iVfs, pnr M. lidnioiid 1! ju i 1 i i i fn urn d llistoirc Ka- 
turellc: Memoite preaeiii i ncrslo 23 Octohra, 

18^3.— "Bans le courtini fl ' niiplo\u IcB iioms de 

ray .113 himiicux, cbiiviiiiiii i i 1 i n lu ". pour drisigner, 

dans cliaiino ca% In ik>i tiim ik i n i ll^ ■■ il ui c i qui nglt pour profiuirc, 
on pnrliculiei-. lea ()li.ti lumm[ii\,<hiimciiie«, (t phO'phorogiiniquRB! 
Jiiais tela est Han't pii,|Uitu( dt 1 opinion que jO *icns d'tmoHro 

touthaiit rexiaiciiLp d iiii itiil ot inf iiiB rejoniicinent 

"Sly reiilv istbis," siiyB M. Arogo,iii hiB pnperoiiUUcd Camiileru.- 
lions relalirc to the action of Light : " it is by no moaiis jiroved tliat 
tbc pholngcnie modiflcatioiis of Bcnsitive subslaJieos result from tho 
action of BOlar light iteclf. The modificntioiiB ato, pcrhiipB. cngcii- 
dered by liiviBiWo mdiations mixed with light properly so called, 
proeoediiig «1th it, and being similarly rorrnctod. In this cnsii, the 
experiment would prove iiol only that the Bjieotrum formed by tliCBO 
iiivlsiblo rayB ia not continuous, that tbcro are solutions of conliniiity 
ns ill the visible Bpcctnim, but also tbnt in tho two BUperiiosoil (ipnc- 
tra these solutions correspond exaeily. Thin would bo ono of the 
most curious, ono of tho most Btrango results of physics." — Taylot"* 
Soleivtlttc MoiHOlra. 

(i»> p. 138. — Tho chemical evidence of this will bo found in Sir 
John ilcisoiiors Memoir Oh (ftf V< M ' i iiid p^lll ibiK is 
exomplilied in tho changes producsil "i '' ' ' 
Ur inliuenees ero described as obsEM I I 

in ft pHjiOr entitled Kiperiiaenit an' I' 
pirinmiti^ coloured taedia, aait an tks f ! ' 

<wi: by Itobcrt Hunt. — Philosophii i! Ml i/int \ .1 vi 1 
C^) j>. 139. — This peeulisr eonlmuBncoofancffctt hiilfiqiitnE 
ly been obaorved in many of tho photographio iwoceise" In a ni'to 
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to a memoir On eertamimprmiemerasitt PkoUtsrephie proccncs,^\x 3o\m. 
nersoliol thus rofeca to this proj««ty ; " Tho exciteniciil is ptnduecd 
<ra aucli paper b; the ordiiiary mobttirc of tho atmosplicrt^, and 
goes on sloiviy working its effect in the dnrk, apimcently without 
other limit than is sfEorted by thoaupply of ingredients present. In 
the ciwe of silvot it lUtimstely produces n pcffeot sUteiing of nil tho 
Runncd portions. Very singular and beantifol photoKvaphs, h«vinK 
muo]) rosoiiiblanco to Dagucrrcotypo picluvo», nro thus proiluc-cd ; 
tho nugativo nharactcr changing by keeping, and by (|uitu insensililc 
gradatioiui to ])09itivo, and the shades exhibiting n moat Bingiilnr 
chaioi/aM chniigG of colour from ruddy-btowii to hluok, when held 
more or liiaa ohliiinely. No doubt, also, goUl piufutts willi the me- 
taltio hiBlro might be obtniucd by tho sftmo proc^^es, tliough I have 
not tried the oxperiniont." 

("*) p. HO. — Tho dctnila of this curious Bubjoet may bo studied 
in tho following memoir and eoinmunieatioiu : On elsiou and the 
action of lifhi oh all borllea : by Professor J.udwig Jlosor, of Konigs- 
br.,.;; fn..,, I'n.rHcndorffs Annnlcn, vol. tvi. p. 177, No. 0, 1815. 
■'^■■' ■ ' hi'isibia Lijhi; by I'rofcssot I.udwig MoBcr, of 

''•'■ ■■''■■ ! ■ I' III I'liHgcndoflTB Anualoii, vol. Ivi. p. 680, No. 8. 

''' ; ' '■" H'lld possesses of becoming btlenl: by Professor I.iid- 

^vi|; Sioiov, 01 Kiinigsberg i from PoggcndoifFs Annalcn, vol. Ivii., 
Ko. a, p. 1, 1842. Oi>cei-/a!nspesli-alap/iearaiKef,atidoalieiHtmrerg 
of talent light : by J. W. IJraper, M.D., I'rofeHSOi of Chomisbix in tho 
Unlveriiity of Xi'w York i Phil. Mag, p. 318, Nov. 1842. On a itaw 
i«,,. .,■ '.,..','. ,.■■,' ;,(,,.. iindoii a class of chemical regi anahgma la Ike 
''' iiy Professor Draper; niil. Mag., Dec. 1842. 0» 

''■ ■.' .■• "/ Ike solar speetruta on the Dagiierreotsfie plals: 

In Si,, J. !■, v.. iiuMjIiel, IlHrt.1 Phil. Stag., T'fib. 1843. See remarks 
in tliia paper on Ike uao whioh Moser has made of eolonred glosKOa ; 
also a communication, by Profe$soE Draper, On Ike rapid DetilAoni^- 
ing power of eertaia gases and vapours, and on an initantancoia tneam 
of producing speetral appearmees .- Phil. Mag., March, 1843 ; and On 
tha auraes iehieh oancar in the prodtielioa of the imagis of Afaser : 
Coiiipt©! lieMus, Nov. 18i2, Sec Seientific Memolra, vol. iH. 

('*') p. 140.— This fact was first obficrvod by mygcSf, and 
described in tho pspet already rcforrod to, I'hilosophienS MagaKini!, 
vol. Kxii. p. 270, It does not, howovct, sppoftt to have attraclofl 
tho attention of any other ohservCE. 

f^) P' ^*^ — "" Thermographg, or the Art of copying Bngeaeings 
or aig iH'iiiied eharaden from paper or plates of metal, ami on tha rm:eiit 
diKocerg o/ Moser, relaScs ta the /Brmalhn of itaaga in th« dark, bj- 
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Jtobprt Hunt Roporla of the Ho^fll (.ociihbU I'olj (edinic 'lOtiolj 
fell 1812 nnd i'hilosoplncal Miijiumc, *ol xm p I6J -- On ike 
spectral imaget oj M Meitr, bj iiobeit Hunt I'hilosoptiual ■MJj,a- 



thiit IS i,i„ t 1 m^,UM■ .unuimd IMlU I idMhun l.u.ii (.ulouii-d 

("') p 112 — Cornell"*' A gripy-i i9 ssid to hftio possesacil such a 
mirror Iho Chincso makt mirror* »hicli, when placed in a pmti;, 
ular lijjht, show iipoi) their polished fnces the pallerii on tho 
liaok of tho mclol, although it ia iiiviHiblo In every otiict jiositinn. 
'i'his ia cfVectcd by giving different degrees of hardness to this various 
parts of the metal. In Natural Magic, by Sir Dnvid llrewatcr, several 
curious exiierimeuts belonging to this class aio named. 

('«) p, U&.—TraiU <fe PAi/iigm: M. Biot, vol. vii. Bccquorol ! 
AiiiiBles de Chimic, vol, xlvi.— xlix, J^arnday'B IZeperimemat 
Htsiarchai in JHe^iiciig, 2 vais., 1830—1841. A Speeulalirm toiieking 
lUeelric Coadudion and the Nalare of Mailer: by ^lieliaol Poradny, 
n.CL., F.E.S.; Phiiosophicnt Maga-mio, vol. xjiiv., IKHfl. (%>«. 
tioia to the theories secerallg of fraakUii, Dii/ag, and Amp^ee, mth an 
ailempi to txptaiit Eletieical Phsaomena by tlaiical or imdidalaFg polar' 
iialion ; by iiobert Ifare, St. D., Emeritus Professor of Chemistry in 
the XJiiiveraity of I'etmsylvaiiia. 

(■") |i. 148. — "A good piece of gntta percha will insnlntn as 
well as an equal piece of shoil-lao, whether It bo in tlio form of 
sheet, or rod, or filament; but being tough and llcxiUe when eold, 
as well as soft when hot, it will dorvo bettor tha» altoH-ko in many 
oases Avlicro the britttenees of tho tatter is an i neon von ion ce. Thus it 
makes very good handleafor carriers of oleetricily in expcrlmonls on 
induction ; not being Hablo to fraolnro in Ihc form of thin bond or 
string, it makes an excellent insulating auspendcr ; a piecB of it Sii 
slieet iiMkos a most convenient insulating basis for enylliing iilacisd 
on it. It forme excellent insaiating plugs for the atcm^i of gold.ltaf 
electrometers, whou thoy pass through sheltering tubcH, and lavger 
plugs form good inaulatiiig foot for electrical arrangetneiiti ; e jliiidKra 
of it, half an inch or more in diameter, have great Kttffnests, and 
foHi! csccilont insulating pillars. In these and in other v/ays, iU 
power as an awulator may bo useful," — 0» Iht vte ^ Ouita rercha In 
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lUeclrical Imulallmi ; by Dr. Fninday ; I'hiloaoplitcftl Magaiiiic, 
March, IS48. 

The fnllowing dedHptions have hcen given by Fnradnj-, in hU 
Iteiearthea in liketTieitg, a work of iRoat estrnordinnty inEtit, lit-iiig 
one ol liic inoit (wtfett Ex«mpies of fine inductive philoHophy which 
-ni, pooflCHS m tho Engkati language — 

Mil li t in liicE electricity It! tbo same manner ftom melalB (o 
1 cry different degrees 

IS inBomc bodies powerfully increased))} hcnl, 

1 } ct without one (loicoivm^ iin} acconi) iii} 
I dillciciup cilhci in tho bodice or in the 
cha i„L ott 1 iL 1 111 (lie olcelricity coiidiufed 

" A numerons class of bodies msvilfllin|. eleclricit» if lo\i mtrn 
sit), when wild coiidiiil it itry freelj «hui fluid mil an llien 
deeoinpo^od bj it 

But thcro nro mam (Imdlodies whieh do not hiniibly condmt 
clccttieity of this lo« mteniitv there are sirai, «hi h cmdiict it 
a 1 1 U ] 1 11 lliiidit> cBSCntiid to dicoinpoiitiiii 

I Iphnrct of Mt\er and tlnotidc of 
1 iirrent wlicn solid, and conducting 

1 I in tho Ullcr caie 

I ilinctioii of ronduclion iihich can 
n'i ■^Li i di 1 1 L lis supposed to bo ckmcntarj, and 

those ktiou 11 to ba eomi omtde 

(•^)p lit —-VaxnAaya^pmiliUionoitlhe ^alureofMatlm- already 
referred to 

('**) p, H9. — liiporiinental Restarches : by Dr. FiiEadny. VAemica! 
Ilceompoiilioii, p. 161; 

(■») p. 119. ~ Karstcn ; Poggcndorffs ^Miiofe», vol. Ivii. 

(>") 1). 162.— Trai/l l!iperli»en>ot lie t ISiHrieiH U du MaytiHhme: 
Boequerol, 1884. Prioatley's hitroiltiction la Eledricity. On Kleeli-icUs 
in /iguilSiriumi Be. Young's lectures. 

("') p. 1S2. — Faraday's BrpiriiiKiilai Besearehea on Elcrlrieitg. 
Thia philosopher has shown, by tho most coneluirive cxForimentK, 
" that the elcotrioily which dccoinpoiics, and that which is pvolvoil 
by the decoinpositioa of, a certain quantity of inatfer, are nlik6. 
"What an eaormou* quantity of d^tricity, therefore, is rcquivcd fOE 
thed«H>mpcsitioiiof ^Biiig^grstn'^f wafcvi We have al^sdyseen 
ibat it must bo in qumitity aafficiont to suBiaia a plaliniim \ih" f^:^ 
of an inch in tbickiicss, red liol, in contaet with the air, for thren 
jiiiilutes niul three quaitore. It would appear that 800,00(1 charges 
of ft Iiej^en haltory, ehatged by thirty tuins of s very large and 
powerM plat* aiMhine, In IttU iK!»n~a quantity euffieiettt, it 
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im^cd nt ottCo thtougli the lica^ nf a rat or cat, to haro killctl it aa 
by a llosli of lightning — hvc necessary to sujiply olcctticity sufiStient 
to deeoiai)Oso a single Bfi" of water; or, if I am tiglit, to ciiHal 
the qunntity of electricity which is naturally a-'isociaCeil vrith tha 
elomenta of that giaiu of wator, oitdowing them with tlicir mutual 
ohciuieal alfinity," 

("^) p. 162.— lirperiimntal BeiforeRet : Faraclny. 

{'«) p. 156. — The apiiearfliico of acid and nlknlinc matter, in 
water, acted on by a current of cloetricity, al the oj(iiusito oleetrltlcd 
inutalUc SHrfflcos, was o1)setvdd in tlio first chomical Bsperlmontu 
m»dc with (ho column of Volta— (dco Nioholiioii's Jonrnnl, vol iv. 
p. 1H3, and vol. i^ |> 2G1 foi Mr CitilLk shank H > <(|iurliiien(s , and 
Anoalos do Cliimii, toin vw^n |i lif l » tliosi, ol M Dcwnnos:) 
Oh sutiie Cfieinical A^eiicit i I i Humphro) Uavy " 

I'hilcraophical l^neactton i i in thcoiiLR of clce- 

tro-chemical dccomiHnitiMi I lit FatnUa^, in his 

fifthneriosot ExpenmenM i m «huh hethua 

Btatua his own vicwK " It apiiLui:. to i n i j'lodnocd 

by an internai corpiacalar adioii exei li rl hi tioii of 

the olcctrio current, and that it is dm i i j i atMml to 

otgiBiag direeliOn (o tAe oydtnary cAenimil u/i -n 'i \l tm i< .ilitt iirtsoilt. 
The hi^y undor dccompoeition may bo considered as a inmn of 
acting partielM, all those which are included in the coiirxc of tho 
electric ciurcnt contributing to tho Hnal cfEeci ; and it ia bccaiiso tho 
ordinary oheinicat afSnity is rotiovcd, weakened, or partly neutral' 
ixod by tho influence of tho electric current in one direction parallel 
to tho coui^ic of the latter, and strouKtbenod or added tointhuopjio- 
site direction, that tho combining particles h^vo a tendency to pass 
in opijosito couraea." 

('") p. 167. — "Tltis capital disoovery (them ioal decomposition hy 
electricity) appears to have lieen made In tlio first instnuce hy 
Messrs. Kicholsou and Carlisle, Vrho observed the detoin]Hi»itlon of 
water so produced. It was apccdily followed up by tlio siill nioro 
important one of Btszelius and lUsinKor, who aacoitainml it as a 
general law, that, in ol! the decomiiositions so effected, tho acids and 
oxygen becurao transfcired atid accumutated around the positive, and 
hydrogen, mctab, and alkaliea around the negative, pole of a voltaie 
circuit ; liemg transferred in au invisible, and, as it were, a latent or 
torpid Rtate, by the action of the elcetrio cnrront, through oiiiisidor- 
able Bjiaces, and orcn tlitough largo ti«aiititic9 of water or other 
liquids, again to reappear with all tlteir proportiea at their appropri- 
ate icatlnK-p'aecs," — DhcourseOH (k6 iSiud^if Natwat Phthst^hii i by 
Sir ^ohn nctschcl, Bart,, F.li.S. 
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("*) p. 167. — KHisjoroua bcautiM iUustrntions of this fnet wi!! bo 
found in Bccqucrei's Traile Hxperiiiteiitol de fKlectrkia et rlu Mi-gal- 

('*') p. 138. " Sd^ Im »m ilimaitaire of L'Abbfi Xollot i J^^ons 
I I'ljs's p ton ■ I 262 D» ia / o « j } M 
il c ueol— A iiHli-idEChane ol 1 ] 83 n1 n a ^f 
^ I yoMollc vol 

« (Aeo s of Ih i 

al iMagnz c v 

— 11 loaoili cu 6 

'\o tic OR llo to n 1o ag cU and ol (ni c I cl c oat do oinpo 
8 o A I -oduccdthoHi k M ^^atk slolula uo 
1 Hai 

( ) p s Bi 1 1 al of tho kno rledgo of 

this fmt \s "^ lly, L) «1licU the hoHt of n Cuntnco 

couUl III I 1 it a \i.r) lonsMoiablc dwlaiibo ftom 

il. hoe 1' , III rhei iiuunelm by L SoUj , Jiim , 

liBii — ■ l'liiluM>i.lii^al iX.i„ liiiia, voi x\. p 391 Now '^oiie* 

('**) p 169 — Humboldt, JVaoimf Amrafuo, chnji x\ii — Au 
iiaksdi, Oliimio, lol tiv p 16 

('*)p 169 —-LiptinHeiilal Itesearehci i \\ 

Consult Bit Iluniph toy Bavy ; AhAcoji i!o 

Tm-psdo. — Philosophienl 'ftasisactioiis, is nuii 

M.l)., F.H.S- ! A>\ Aceoval of some hip n 

lAa Tarpcdo, ibid., 1832, p, 250 i and tko h >i • 

tho Torpedo, mlh an aeanuit of some ! ' ((> 

Kleaehili/ ; and Matteueei, Mibliotlieqiio i i i ii 

p. 171. 

(''") p 161 —Oh Li^ktMiiq CojirfHcto. bj bil \\ ilh im lira 
llaitli, OWiradOM! oh, the Arltaii of I ijIiOmij (oiulul i hi 'W 
Snon UairiB, l-sq, FllS — I^ndon 1 leituui) Smutv a Jibiib 
aHioii'4 Ktnnero«B ^ahiablo piirer? On Htliiil'i by Sir William 
Harris, «iHbE found m the rbilosophital JrBniatlum'i 

('")p 1B2 "Adoptuig, tOB<ierta!iic\lcnf, t!lJ'^ME\l,lara■la^ in 

lie (' .< ' \o„uii,l<iiiiee, {aoiiosed tor tho is ltd pole to huli^hliiti 

Hid bJus, « fC9j), thu way whith Oie sua lisea ; 

' iiir^rdi, aftd oS>(, e Kwy>, the way wliich tbo 

I tliLSis bolongi esBcntially to Aiapeeo. O^liKiia 

V 1% 0/ IiaiiiUn, Dujiin, and AiH/iire, ii>!(h «« nj/brl 

((i,j-pl'„a JMi'iiail I'lunoiatHa bi/ altdlcat ornHdiilatorg l'0l(iriiafi<'ii, by 

It ibtrt Uari, \[ D , PLniisylvanu, wiU well roimy an ailcntiyejiertuiiil. 
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{lu)p 162 —Inqtiay mo the l„ 
Bojihicil 'ftansaeeions, 181S, 1822 



(.CIltlHl ML» of till. i.giidu,joi.» Ul 111 

■' Witlv rpt|)cct to Iho iiBtHio of the ijon t ra 
■no linio been toii-iilcniif; (hcsritM.Hn! 
tht ,.OHersi'Cr"l.f,r to 1, ,„ 1 ' , 1 > 
livHiB nniinnl nloiic, nil il . , 
liesoflire llie r,„.ui.>., h i 
those whidi atp till full ii 


of thehMiig. 


|ili} -.luioBitt 
iixmnUhiih 
ro.u™,m.d 
1 iTi, to lh« 

II (las'if*. 


tWe, lij fur [111 1 1 1 
optrBtiOii of Oil 
DiictntD in iiuiijiii 1 
to lie a raodirii Xi i> i i til 




n^ niid 
i> tllPio 
■ nhirh 
iM fmnid 


exist ill other It \tiiu, ilimitiu.i i 
imiriut, B.id wo cnu siibsliluto 
williout ilistucbing (hti fiinfdoDi of 

"lute <llStO-SttlC3 hll-i^ 111 1 

cvlcii'ibo than wasaupim 1 

of electricity, MagiK4isi]^ ui 
foci? btatcd in tho foiegoiu 

rimotioiisofthonnimaUiiiiL 
to lie modJlenttoiw of tin , 
mid lie hme Bheailj 6..i., 
.lomiiiioi. • 
Kcfor 10 Di lltftdspaperi 


fui It 
liff 


onu 


'0"h 111 tht liMiif 
of those pimupk. 




" 


11 't Ihcm 


MalleuCTi; I'hiL 'IVmn. 1S40, p 29' 


1 uml 




bv S 

[UPUl »< 


i,iior Cm 1.1 


('i') p. 163. — Kieetra-Uiolof,) h\ 


Alirod l^m 


e l.q 




(3S')li. UB. — ObsenalioHS of 11 
iHifs .- by GokUiig Had, Esq , t L S 


' ' 




' ' 


^ 


Toi. X. p. 3*0, In this pnpci- Df 1', 
lead to tho coBelitslon tb«t vegelab! ( 
nlcotrieily a* to afford n simi-k thaf < 
fiort Hro alsvays eitculatitig ill legtt 
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<b1 I! 








lid t!i 


t . n d 



edevelaiieddxiri!Jt.gef[il!ntiiiifioiin.hcmu,»l t 
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(•»!) p. 168.— Ofl ViHera) Veins b> llobtft Wtro lo\, 1 q 
Foiirtli Ilcport of the Eoy-il Comw xH I'ohiochnu Sociot* f)f«. 
i'-lnelro-amyaetic PropcUKs of ^elallife.ou! t tiHS la tfia ii f/ f,„„ 
«■««; by]ioboi-tW.Po).,)ia<i i Phil Ttnm., lUO, p ,11 

('^) i>. lOjf. — Kepeniaails and O&acrmtittoi on th' I , .'/ nj 
JifiHej-nl Feins: by Robert Ihitit unci iiOiit l'lullij>, l,i]ii.,r-i ! iU 
Koyal CornwalE Polyteeimie Sim u i i i i i i / ,, 

o/.1/i>im./ I'eiiM; by Mr Join, \ 

(•«)[>. IfiT. — Intholeadl 1 1 ,,„ ,, 

Rurroiits woro rtetcetcd b} Mi I , ^j,// 

and Miliw, in Piintshiro Cum i | u 

In the load vciiie of (oM'jc,, i i I , (ho 

cuncnts dctcutcd woro vorj 1 il i , i 

tion, !838. Von Stroinbeck i ii,l „ ,1,0 

veitiB worked iu tho elny '1 u I i,,, 

Arohiv flit Minoralogic, Geo ji , ,, ,, 

\KZ. Prol'osMir 1ickh }i<,„,i I , ] , ,1,, m 

I ■■■■''<'■'■. \ n.i , , ,„ „,!„, jiuuuil luiiiin 

■' ' iiliiigU Now I'hilosoiihipHi 

■'■■■■ uiuiBte toboofiilainrd by 

(■■") 1>- i"?- — 'i't"» » -w romacknbly tho ca'<o at llml 'vm/ana, nv^r 
Uaitriith, whofo Iho eobait was diwoioted bftwoon two iioitioiis ol 
a dialocBfod lodoi asid tho sumo was ob-.ii.iil in Mi I'n.iiftl 
Johnson, in a BmaU mwo wockcd for mck^ 1 1 u \i i 

('») 1>. 187. — 0„ ibopitKeaa imd fir o',' , 

by T, 1). Jordoa; SKth Annual Iteyiit 1 „ <. ,\\ 

I'olytcohnio Society, boo alio mj memiHi I v nU i . i i. , 1,. th. 
Stonioilu of tho Qeological Suiveyand ifii'-onni ul i'mttitii (jiologj, 
\al. i. 

C'")P-"58. — Soo liiSMiuerol 3Va.H t i/idtimniM de H'wlmitf, 
§e. mceletciU liipcrimeiilt m the /or«iitia«. of Aitifiaal C^tah bj 
Androw- Gco^o, Ksij. ItntMh Association Hotinrli, vol ^ , JhlU 
TJio IftHiiiintion of clay and other suhjtanoei is fle-wrtbcd In ini 
memoir rofcrrod to. Note ISfl 

0«^)l>. 168. — Report on the Qeoln„i ot (ocnsstll, Be\<.n, -nd 
\VMt Somei^t, by Sir Jlonty i Do la Heihc Ikcofeli-al j'-, . •• 
Hans oa the /Oeaiatioa aiut/llaig aj Miai,al < mit B» I < .muna I,,,,}' , 
J!. 31!). 

(1"")^, 168,— .'iliefoUowmg analysis ol Hateta ftoin tUiiimin'i 
were tnada by moin 1810, and, with lottnj othoi^, puMisbid m ihn 
Itcyotts of tho Itoyal CoruBail Pol)t«chiiiP ^otrntv 
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(,'oiiKo]»intC(l niinop, Cluniiii 
Cornwall. 
Mtitiaic of KOilii . 
Btilpimte of lime 
Sulphate of iron . 
Stilphnto of copper 
Aluminn . 



Total 
(ii'nstSt, Ocorgc. 

Miivinlcofso<l.i 
Ssilpliatcoflim.. 
Uafbonato of icoi 
Alumina . 
Carbon ato of litii 



("") p. 170, — Tlio discovi 1 
B^ hU vohmblc diseoverit-^ iu. 
the merits of what had bt'< il <I 
the most onrofiil search, tl^n 



I I--' 



ic lias bcftti disputed, 
I.'', at alldltpnrsRlng; 
, 1 nm Bntiafled, after 
veaily Ginjdufcd 



doctro-chomicBl nction foi t!m pvci;ipitiitioii of metals In u 
nuintat form, was Mr Sjioncoi' of Liverpool. 

("■•') p. 170. — Sbb Spencer, I»sfeaHhm Jbi- the MiiltipUctitlon of 
aorks of Ah in Stelai bg Vollaie Elci'leiellg, Nerelties iie Rcpmvinntal 
Maiee: GdSiii, Qh»gow. Kkateata of Mteetra-melaliio-^g : by Alfred 
Sinco, ^%- 

(^) p. 170.— The magneto - electrical KUiehino is employed iiifliv- 
minglinm for this parpieo ; bx»S I ara iiiformofl by Mcssra, Klkiiiglnii 
that tliey do not liiul it ccoivomioal, or rather tliat the eliirfro-pi-coi- 
pitalioM is cssEicd on too aiowly. 
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C**)?. 170. — ThUhas been done by Mf. Kobort Were Fox, at a 
mine nciiv Falmowtli . By eoiiiiectmg two eopijer wirea witli two 
loilc*, and bringing them, at the aarXitco, into a kbH containing n 
Koliitioii of milphfttn of copiicr, this gcntlomaii obtniitud an electro- 
ty|io copy of an engraved copiicc-pliiVi-. 

("«)p. 173.~Tlus isststed to have boon most effeetuaUy Bcconi- 
jiiisbeil by Mt, linin. 

("») !>. 175. — 'frcatiio on ila3iielUn>,m\>y Sir David Ikowator, 
Cmiiva: a fHicichof a Pky»ical^ieriplioHof the l/«r'«cc*B. by Alcxniutor 
Vo.i Muiubnlilt. — Sabifto's Translation, vol. ii. p. 208. 

('") 11. 173. — fe/i<Vionc« Ulcctro-Mugniligiu!! |Kir M, (Ktsteil.-- 
Animles ilc Ohimic, vol. xxii. p, 201. Do k Itivc, lla-licrehm sm- la 
Dislriiiidoii lie I' lilecleicili di/i). ilaia ht C'arpa. — Gcnpvu, l.tZfl. 

('") i>. 170. — On rte Maffiielk pow^r of So/l Iro,, .- by Mr. ^VatliiuB. 
— Philosophical TransmtioiH 1833 

{"')l>. 180. — Cavallo. n„ Mm,H,i,„„ -- Ca\ alio »n» the first nlio 
noticed the influence of boat on ma^ntli-iii ( chimiIi (I i/u niioma 
Iota Magaolie Ac/ion oj hil In/it bclwifii ih IhbI 

by I'utoc Harlow, Hni — I'hiloiopbicnl I l.!l 

Treatisaim Mngnelism b> Harloii — -1 lu i i 

{"«)p. 181. — "Tbefmindationofoui II n ■"- i ii" niipliou 
that the terfuitrial Hia^netic forte J3 thi, lollciiHo solum ol all the 
inngHetincd partielea ofthof«EU'ima''i Wo roprpient to ourhflios 
magnotinatlon R3 the SLpaiatiQH oftho tut wU fluirl V.biiiUiiiB 
the loproaentation, tbo mode of attion ni i n i i i il wn of 
similar, and altcaetiou of diBsimiliF, pni i ! jiino 

of the distance) beion|,s to tbo Jiuinlm i \a 

alteration in the leaults woiibl Ijl i iit I m !i ot 

rcpreaontatioi) for that of Aim i i i mtio 

fluids, inasnotism is hold l'> t n i nfs In 

thcinbiutoslpiirticlcaot boiln i iliico 

if the lovrostrial niagneti'^iH tti.ii i > ' I'W 

cecdiiig partly front tlio sepai^tioii tit ii m tbo 

earth, and partly from galvanie curiont n i li as 

it is kno«Ti that for oaoh galriitic onir n i i i n • mh 

a given diattibution of the magnetic liiiHi- 11! i uUiui iMUiiJidby 
UiK cnrreut, as would esereiTO m eat h point of extoinal s.iau pn 
oiaely tho same rnn^netw: action as would bo j^odneeil bv tb> 
galvanic cnrront itwif — U«iffn' th «y "I '<-. ■«•' M-n '"« 
bylCrofifsaor Carl i^riedriehOnii- ol l)n i mm tU oi f ^fith i » 
ScientifioMemobn, vol ii p lis 
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("*) p. 183. — Hansteen; VnterstuAvngen ^er dm Magnetismm der 
Erde. Cljriatiania, 1810. Humboldt : Expose dea Varialioia Mapie- 
tiques. — Gilbert's Annales. Brewster's Magnetism; EnoyclopEedia 
Metropolitsiia. 

{1'^ p. 184. — Hftnateen; aa sbove. 

(1™) p. 184. — On the effects of temperatitre on iM intensity of yaag- 
meftc forces, and on the diieriial mcrialions of the terrsstrial magnetic 
intciisiiy ; by Samuel Hunter Christie, Esq. — PhiloaopMcal Trans- 
actions, YoL cxv. 1825. 

(I'f) p. 185. — It has been observed by Mr. Barlow, in. England, 
and some eminent observers in Anstria, that an elactric current con- 
8ta.ntly traTeraea tbe wires of the electric telegraph wherever there 

(i'^)p. 185. — Meteorological Obssroaiione and Essays ■ by Dr Dalton 
On the Height of the Awvra Boi-ealis above the face of tki. Ea 
by John Dalton, F.E.S. — PMlosoplu il Traisactio s vol cii 
p. 291. 

(^) p. 185. — Arago ; Annalea de Clr n e vol xx's x p 3b9 
On the miriable Intensity of Ten-estrial Mag a I t le A ntce of 

the Aurora Boreaiis tipois it ; by Robert "Were Tot — Philosophical 
Transactions, 1831, p. 199. 

{''") p. 185. — " BriUiaat and active co uacat ons of the Auron 
Borealie," says Captdn Back, "whe ?Gen th 0Uj,1l a hazy at no 
sphere, and exhibiting the priamatic culo \r aliiost nvanably affec e 1 
the needle. On the contrary, a very br gbt i o a, though attende i 
by motion, and even tingeii with a dnlhsh red and a yellow n a 
clear blue sly, seldom produced any sens le chii^e beyond at the 
moat, a tremulous motion. A den^e haze or 1 g in conjunct o 
with an active Anrora, seemed nnrCorm v fayoniab e to the di 
turbtince of the needle, and a low tempe a ire was favour he ta 
brilliant and active eoruacations. On no occas on du mg t vo inters 
was any sound heard to aocorapany the mot ona The A o a was 
fre<iuently seen at twilight, and as of en to tl e eaatwaid as to the 
westward ; clouds, also, were often pe ce ved the d y time n 
form and disposition very much resembling tho Aurora. ' ■ — Nwratwg 
of the Arctic Land Expedition. 

(^'^) p. 1S7- — Faraday! On tJio Dia,'initgnstia character ofFtameand 

(182) p. 187. — " The Aurora BoreaUs is certainly in some measure 
a magnetical phenomenon ; and it' iron were tho only substance 
capable of eshibiting magnetic effects, it would follow that soma 
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ferrugiiiouR patticlca muat osiat m the upper ircgioiis of tha Btmo- 
Siihoro. Tlio itght uaiinUy uttetnting this magiiettt^l metier may 
jMMsibly bo Uecivcd froiis eleetrieity, wliieh itiiiy be the imiiiciU»lP 
caiisc of a clmnge iti the distribfitton of the insgnetio fluid, rantfliiicd 
ill the fernigiiioua vapeurs which are iiitngined toiloat in the nir." — 
IiCCtut:o on Miagitotlem : Yoaitg'a Ltfttirei oit Nat. Philosaphu, \i. iSSS. 

('*') J). IBS. — Oil the supposed injtaencc of ilagndhm and CAemkiil 
Ad- 1 lib tH t I'hlos pH IMgiu'i 1 il K 

Z 6 

( ) S~ h 



by a 



( ) 0— ibd 

(3-')p. 190,— Oa the Diamogndie wiidi'.iOHi oj i/rH/iSHii,l(..,^t*, b; 
Michfiol Kacaday, F.H.S., ; nnd On the malioiis p/vsciiled hii Fliaiif: 
tehftH Htider PJedis-Msgnetie trffiume^, hy ■pcofessoi- ZantCileiithi.— 
I'Hilosoj>h!ca! Mngozine, 1847, pp. *0i-i2l. 
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('») p 190 — Ort BtamasHslmn h\ Vtok^m Plttcl,w, at Uoiin. 
— Pllilosophicai MagazHve, Jalj 1818 

('^) p 101 — A. fow etamplcs taken from l)r 1 £itBtlii\ s impor 
w ill show tiui — 

NiltOj,enljenij, aeteil oimasmamfeaflviiianniKnoUoin idntioii ti 
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L work ])iil)lnliPil by Me I \nti Ilopkiiih, enliUcil 
Oi. Ms «" tn;««t 0/ TnJovj in(h 1 .u.lnai V.,,«^l,tm, Mill l.p fiitm.l 
maiii Mluiblciir-iittLiil obaonntiom, mniloin this cmiiitt) ami tlin 
gi>l<l and Hilver districts of America; but tlio views takcii by tbo 
author avo opEii to manj olgcctiaiix. 

{'»•) p. lB5.~SecaNotieobyl''nrBdayi)f Motiehini'flEvpraiiiioiits 
ill llelatioas of Light ta MagiKth h'oree. — I'bilosophienl Trnnsaulioiis, 
vol. Rxxitvii. p. 16, Sec also Sir. Cliristie Oit MngHelieii\Mmi»m in tie 
titlar jffnyi. — l*hUo3opliical 'X>ansactioii9, vol. uvii. p. 210 j voLcxix. 
p. 379. 

(W) It. I9S. — Sir Dacid Brow«tor On Mugaetl^ii, ; roinibli-hpa 
IVom tlio liiicyclopreilia ISritaiiJiicB. 

<"*') p. 1!)3. —Tlio whole of the title nl Iviiohi r s h mK v, ti! . ,in. \ 
soiHO iitoft of the subjects emlwacctl : AthanaMi ! 1 i i 
Jeau Magncs, sivo dc Arte MagneUeS opus tun i i 

versa Magiietis Nstiira ojusquo in omnibus Sen 'i' 1 1 
jiovrt meiliodo oxplicatur; ac ptteterea o vinbu-. > i 

tibus MaHaetieavam aliaiHiiifjUO aMilaii m \nt'ii s M .1 "jiiun m 
VAammxim, jjapidibus, I'liisitis, Aisiiuutihm eluctvciittiim iimlti 
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hiieusquo ineognitft Natwno Afcsnit, prr Phy(.iea, Mcdica, (llij'iiiicH, 
ct llnlUcmBties oiniris gciseris E«:|iermi(!)ita lothidxiitlur. JJilitin 
Tcrlia: ah i})ao Authoic rccogiiita emeu tint nqitc, tie iiiultU novniuin 
Exporiniciitomm ProblcmMibus atieta. Koxi^, l^Jf. 

("") p. itOS. — 'Ilio foHo\ying are tlio titlea of the eouphi'lin!; 
ciuiptois of Kirohor'a book; Be megiielh,,' i m,/.i ,f fuif .Vi riinfin. 
})e magiul'uA xi plantaram. Ds imiliM • ' '■ Ihi 

mnijnetiamo eirgula aun/ere tea diehni' , '.i,piir, 

eoramqilf. majiielamo. De magnelhaio n- 'V ri 

o(lnielii4 poleiitie! imngiiinliii", Demag,Hii>„i': „„■ ,■„. It, miyuliamo 
nmonn. 

{'**) 1'- H"I.-~"l''or thoao rensona it ai)|ipni-s raosl iialural (o 
Beck titciv ovigin in the buii, tho Boiirco of uU living autlvit)-, nnil 
our cmiioKtiiTO gains inobiibility from Hio pvcccding tomnrks on 
tlio daily osciUntions of tbo necdlo. Upon this princij>lc, tho Biiit 
may bo conceived Ha possessing one or more magnetio nxDB, ivhteli) 
by dinliibiiting the force, occasion a iimgnctio iliffcrciieo in tho 
cnrth, in t1io moon, nnd nli those plauela whoso intctnnt Bttuetiive 
udmita of such a diffcreiieo, Yot, allowing all this, tho uiniii 
dilliDiiUy acciiiB not to bo ovorcoino, but merely removed from tlin 
eyes to n greater distance; for tho question may HtiU ha aakeil, 
■with equal justice, ^^hencodld the aun acquire its inn jjnetio loroc' 
And il fiOTii the sum «o have iccotirso to a contrnl sun, and from 
that again to n geiiccHl magncttt, direction throughout tho unit cist 
httimK tho MJky Way for its oqualoi, «c but lcnj,lben an un 
rostncted cliam, cserj link of which han^^ on the t>reeiilin|, ]uik, 
no ono of thtni on a point of Bupjiort All tliini.« (ou'cidefc, 1 tho 
follotthig mode of rcprcsciitm H 1 f n i i n most 

plauMbtc If a sm(,k (,lobr I ti tho 

iminen«t} of space tiic o] ] < lial 

structure would noon aune ( i Ihtii 

nature, if they were not so nl ln.-t, juhI nit ai^livny n-onld Koou 
come to an end. But if ivo imagine another globe to be Introdiieed, 
a mutual rclalioH will oriKO between the two j mid oiio of )(« result* 
will be a rcoiproeal tendency to unite, whieh is designated ond 
BOinetimes thonght to bo explained by tho merely desraiptivit word 
attrai^ioii. Now would this tondoaej be the only conscijucnee of 
this relation ! fc it not moto likely that tho fundRmcittul forties, 
beiiig drawn from their state of indiiferenee or rest, would exhibit 
thoir energy in all jjossiblc direction?, gbiin^ i-yo to nil kind« of 
ooiiliary ai^tion ! Tiio electric force is esciled, not by fticlioit 
alone, but also by contact, and probably also, though in smaller 
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degrees, bv tbc mutual ncttoit ot two IkhUcs at n di'ssaiipo ; 
tout lit IS iiolhuig but the emftllest po»-.iblo diafaitco, nnd that, m 

o'ltn, onl) for a fE« smaU pattirli-i K il not (him ii iblp 

)nn',iictii> force may hkcwiso on^'ttiiiii i m i i \^ 

Iho natural philotophec and the m M i i I ti 

other otrpft of the reeiptocRl rdatiim 1 i( a 

tiiHr oMTiif thpfpni^(lU^ in",, ,i 1 













(■')l, 1J3 - 


See arti 


lie Animul V<i /nftii.ni, 


1 noyolopMtin Jlut 


nimu-a, anrt M 


r llrni.l 


t piperi Oil IlypiioUi-ii 


I, iHibli 


ai^a 111 Iho 


Mi^honl'limcs. 










("") ,, 200 ^ 


All the 




>th toll 


nniu aRtion. 


imdthclhinHf' 


mi 111 f ft 


aihuFnilh lAiniKfoillliltuDl 


, Daubui.y'H 


^^'"' ' 
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( ") (. M. ~ 


Ol th^i. ),ms ol •'0<u.Uo» thi 


t,>IUn 


in- i„i,y bo 



II thin appeii tiuf bmt 1 scpii itL-. sii!iihiiin uul I torn ils kojii- 
l>ouiuia with bII mftiior BuhstHiitu, dnd that Hiiimoiuii is soimiatod 
train [Uo B' t<l bj all that ate above it 

('>l)p 204 — llotthoSkt 7. .i ^- ' ,,, flim.i, IK03. Sir 
Ilumjiiirc) Davt, in his / ' / ;, li.i^ given 

an otiolkiit roTiew ofthi i 

hulpku,, and Oeygeii bj J I u mi I \isnr,W As: 

( hiinic, ^ol XVI, foF Seienhlii, Mimuii , \ul i | ^- .. ■ . ■. 

ot <i WK' /ofca Qi^iay <» Ma eowSinreft*)* of O i 

lltt/cUu- Annole? do Ghimie ■vol Ki The diu 

tb« unmcnt choi»i3t ib expreBsed m die IjU.hh ti,iii,>tiai.Hi ; 
" llin iic« j«»«cr, iuthetto unknoKJi, il eommon both in oi^aiisc 
and iHOi^Hiito natiiire I do not litheva ttiat it la a poi 'or ivliiiiJi is 
mtirt,!} mdopoadoitt of tho elect ro-e1ieinicaI animltes nf tbu Hub* 
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stiiJici!. I believe, <m tlse conlraiy, thnt it is inccdy n iicw form of 
it; but so long (!9 wc do not sea their connection and muluakleiiciid- 
piiec, it will tie laore eonvenieut fo doscribc it by o separate iiiimo, 
I shall, thcrcfoni, call it calaiylk pomer ; I shdU also call m/al-inlx 
tlio dctompoiiIJon of bodies by tins force — m tho samo wb* Hi t!i o 
(lciompo"ilbr! of bodies b) chcmu \\ iflnsih n Uimsilanal^its 
i")l< 209 — Bnriohua, I 1 Kj 

i'^^) p 210 — 0,t Trum/o, ', I,,!,,-, bv 

1)011 I'Kyfdir.lsq , Phil Mr i i i i, i,,,!, 

lin\o bun l>rou|,ht forunrd 1> i i i i i i ii 1 t ii inm J, 

probabilily in the ^low that llic i.atHUtiu Iiiimi i-> uliuK i ?itiitiliiil 
lurm ol ehoinitnl idinitj e\otlod imdei iicoivliai coiuhu m i ilui 



bndy ill tomi>o-nig or ciiloimg inlu iniioii, but imdpr lOndUioiii iti 
whiubi(«o«na)liiiit> o-miiot il«>>sb<. (.ml'fiul 
i'"^)\i 2ii -— CoH9uUGEahamBChtmHtrj',Oi((omiiHiHi(l'fr);MJ. 



/ ; yojioifs b M !■ 1 o 

I 1 Sooct anil bl led h 

{, )| lo O pi f 
5 V s 1 a ala o of J 
ooi! c I M a fren 

p\liii.HU!i (f tho lns^s of etib li i I i 

son, <lm«n fvoin H familiar or(U 1 ol Hit J- JAt »•■ j il 
tho jilajoof a man oyertookmg Bgamo at oht-i? wiUmm i 
linowleiljsp of the gome. Ho iioold eoon nimnrk lit u 
lisHst bo used aeeordiiig to positiiomUB. In cJietiii Iti 
Ipiits am o«r [•toces, and tlip Saw of anb^Eitutioni one • 
"liidt jircsi<ip over tboii ino^ci And ns, m tbi ob1i<| 
Ihe jiaiviis, oiic pasva iu«st be sxibslituted for niiotlm 
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plicnomoiui of Bul««t«tion, one ctemont mnst take thp place of 
auotlsor. But this docs not hiudor tho pawn from ailvmiciiis without 
taking anytliiug, as tko l«w of substitution (Iocs not hiudcT an pIo- 
mentftom acting on a body without iligplaoing ot taking tlio plane 
of an) othi,r deuajnt that it tuny eonttiii " — Vei loiV on Ilit law of 
hiiiaMaliBai, e Id iheoTy e/Ckemical Ivpft 



( ')!> 



Ticbi ■ 



,'mn to ij,> ii'lH I 
I) Antmiit ( bom 
III I'lilhalinis b) 



ntlio Manchester \l(.moiia,\ol » ihu toUiinims u>.U lU ftonx hh 
nom<ir On Iha ComUludoii of the Ata>si>htie will O-ihibtt i I* bear 



Carbonic A,cid . 



101 1 



100 8' 



AceordniK to tho otUei i 



II h ntiiiri 



Accovdiiig to Olio M 

2. Tlio altitude of cnt 
Rtihoie (Hflers fcoui that cii i ] li i i ' in l'"0|". 
other, and theproiiortion < i miioiii 
ill tho coinjiound aS"> i at i 
Kraduaily vary its the aati in 

3, Whon t«'0 atmoliiliLin ii^ >. i u i 'i ,l»t<^ a 
Siuxefl, they take their pki-ta ot mixad, [liij Loiitmu- ••• intliii 
cording to tticit spraafle grayity, the heavier itiainlestuiR um di 
not ill serrate Btntta, bat inter- Ipowlioit to sepamte anil dis ei 
niisedly. There is, hoiscior, !i|rtoja thohghttr 

tepaiHlo siratoiu of tho spcciil- 
euUy lighter at3<!OHijliero a tho 
SHiamil over the other. | 
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(SW) p. 953. — 'I'ijo di?eaBsio!i of tlm qupstioii, coatmoiiCRA l>y 
Araj^o ill hii FJoijc, wna coutiiuLod by l-fiftl 11eoii";1ioiii in hJK Wee? of 
Wutt and Cneentlia/i, enil by Sfi'. Veritiiit Huriioiirt, iit liis adiircsa ns 
Prc^dciit of the Briti^ih A«9<)ciaiit>n, and mora rcccuily in hij 
IjiUef to ijifd Jiroit3ham. Wntt'a T^elhn on tlie sulijnct hayo been 
since publisiicd under the BiiperintondGnoo of SIt. Muirlicitd. 

(^') p. aSi . — 8oe eeveifll [inpers f)« Oioiie, tiy Profiiaaor Siilionlioin, 
in the I'hiloaaphirn) ^fn^nxinG, nnd in tlic ltc|>ritts of ttii; lliitlsh 
AssonSntion. Consult n papci' by tbo Aullior : Alieiiiciiiii, Sojitoin" 

(^'') |>. 227. — Iodide of silver has been fniind fit Alburradon, 
nonr MnKapil, in Jlcxico. Iodide of incruiivy, of a (Inu kmoii- 
ycUow uolour, has been diaeovercil in Hio BaiidsUino of Onsas, Viogiis, 
Monico. Algcia; Philliiis' .Wiiicrafoi/y. 

(^1^) p. 238. — Stnlil, tnking up tho ohifcnrc notions of Bcnher 
nnd Van llelinont, aiijiposcd tlic pbononivnn of coiobtislion to bo 
lino to pblogistaii, lie imngincd that, by combination »Ith jihlo- 
giaton, a body was rcudcrod combuslilile, and that its disoiigagoniont 
occasioned eonil)ustion, and after ita isvoliilion thoiQ rnmainud either 
an aciil ot nil earth : thus aulphnr was, by this theory, HH|ipnBO<l to 
bo coMiwwed of phlogiston and snlphnric acid, and lead of tho calx 
of lend and iblog^on K-c 

("*)p. 229 — Ucmg tailed Hiion b) tbo Soliritm forfhe Adiiuialty 
to examine into t! r ft! f ! 1 I i \ed tho / oi? « 

flinl'A/«6o™ mD iiderthoiiof 

ingwhiehcocrci ac iiiiiilatm„ 

foralongiioriodill li amlors slioi) 

and it was quu^ t on ! id fakoii 

plane !n tlio innii I I I q i I f tliition ai 1 old 

sail-cloth theiD allowed t< 

(»") 11. 230 — itoson ehts i 

(««)p. 232 —See note i 

(S'f)p. 236 —At tho 10 I ii 

iiiiltee hiis unlcrtaktn tho i if 

are now beii eatiied on bj D a 

Oxford, anil I } tho Author at 1 te 1 s 11 It I) ! Un 

in his report made at tho meoting of the British Asioci l« 
JBivmiiigham appears dupoied to co isldei ten jier cent of irl n i 
aoid ill execss as tleatruetive to the gtowtli of fern^. 

(«!»)p. 23U. ~ Sen memoir Oa the I'Ikharil, by Sir. CoikIi, ir. Ih. 
Ke^orfs of tho Royal Cornwall Polyterfinie Bneicty. 
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(i'") p. 239. — "This SEale, iiv which tho hnmiiiityoC Iho eir J1 
oxptcsscd, ia tKe simple natitrnlaciilo m «hi'h tf it il- inp-Miniirn of 
)mini<lit}- (i. p., when it is satticatpii luth \ <] nih i i ' n t 
=^- 100, and ail alwoiwtcly ^oprived ol moiBitiit i i 

mediate dcgEeoB ate given by the fcacfion 100 i 

vflpoiir ^ tension required foi tho antuiahonol Un m i i i ■ 

te!ii[jer«turti. Ilius, if ihe ate nt Biij tomiieralun «lui( '••\<.\ 'mi- 
tains vnpout of half the tonsion, whlah it would coiitp.lii it aaUumtQd, 
tho ilogveo is 60i if tlirco-fijurtlis, thou lli; and ho forth. Aic of 
H higher tonipcratuto ia capable of coiitniiiiiig a gioator qnantity of 
vni)Our than air of less lemperntiive ; Imt it is tlio proiiortion of 
what it doci contain, to what it would rontain if Bntuintcd, which 
constitutes the inoasiire of its dvyiiose or hniniility. Tho capacity 
of Iho nil- to toiitflui inoLttiirc beiiiR dctoriiiincd by its t<!miieratiiro> 
it w!is to bu cs]jci'tcd that iiu iiitinialc connection and dq)cndciico 
would be found to e'cist lic>!«'i;eu tlio annual and diotnal variations 
of the vnpoiLi- imd of Itio tcnipcialnre," — Sabine, On the Meteotolagy 
or' Taraiih : Itcpnrts of iiiitish Association, vol. siii. \i. 47. The Tem- 
poratara loMsa bvPiof W K Doio, llupoits toi 1117 should lia 
coniultod 

(/M)p 240 —SurDavid Browstors Opha tnA memoiH in tlio 
I'lnloaophicalltnii3a(.tion9 Sir John JlLCsehcl's Itcili'to on liihl, 
l,,nojdoi)a,dw Mctropolitane. 

(J") jj iii — On the I h I I n I ilaia ciieuaislanui. 
by ProfL=),ot iotbia. I'l il I J -, >\. xiv p !2i, >ol 

XV p 35 In the iir t matke ounr "I 

eannot <loxibtthnt tUeco! n lEfreorlnln cironin* 

Btaneci la tho jnmeijHil i i 1 toliur ohsonod in 

eloiid* rho icry fact thd Ui it mluui LhiLlSy iippenr^ in tho 
pre^poeo of cloud'i is a aulHcient lofulalion ot the unlj ivpla 
iintioii of the phenomena of snn=ct and sunrlsn ba\in' the 
least plau&ibtUty fcntn by tho opti i) i 1 i' M hi 

of tho hon/ontal skj wcro aimph i 

pari, atmosphere, tho sun ought t) 

mill then most of all , biit oxpotii ii ! ' 

sanact n nlteagi aceoinpaaiert by tloiids ri cii 1 i 1 i 

Steat niTjottlj ofeasfioeeurs whtn tho clinn^iti 
tiampiiont and eolourltss yapoai: may bu mii ' i I 
iii'iain In hko lauinBC tcKoalriil h^ht? «c i I 

led and disu when tho atraosphcii n Jlllel witK s qn u s ! ' • ' 
preriiatitcd Analogs, applied fn the pretedini; ohsecva'iiiii-', i uld 
ttrttinlj condiiet to a ■wUttton of >sU(h appcavantei , ior 1 hii\i 
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roHinrkod that fiie esiatcnoo of vapour of high tension ia byiiii meam 
esscnlial to tiic proditotion of colour, though of course a jirojioitioit- 
dHj- BrcalertiiickRcss of tho medium muet ba employed to produuu 
a aimiiai' effect wiieii the elaatioity ia smsU." 

(^) p in -0« (he L«,e of Dijfialon of Oaics; by ■Vhmarm 
Qrflham, M A , i H S S.e , Edjisbart-h Philosophical l-cBiisaclions, 
183i Shi TActieit Capiliaire ife) Fissiu-ea, ^e. .- by Hoboroiiiori 
AiiiiRli.siIoChiniio, \\» 3J2 

(•^) 11 215 — y/eclro fhamtail Itesearehea on the Decamposilions of 
t/ie Korlka, mlk obseiiationa on i6b Mct/ili oblained from the Alkulino 
I^rll,!, u«d on (he Amalgam p,vcu,-ed from Ammonia .- by Sic llum- 
lihn-v J>Bvy Philosophical Ironsactiuiiit, 1808, mid collected ivorka, 
■»ol V p 102 

(^') P 347 —■ I kmeii(a of Cheaikal Philosophy : by Sir IL Davy. 

{") 1> 20i — Vnlitmttary Discoune; Sir J. P. ^V. llctschct. 
Iairdni.ia C IiiirI f mIujh Ii , 

C--") l> ■ • ■;^~' uv -i, II, ,.., IX. hit,.Hie, 

U» (" .,,.131. 

i'"»"i' ; I . , ^ i„>, lifiG. 

f« "" " / II ■-(-'. ., ;:..■: i,'.. I.-,.;,;...,/ ,M.</.-i„>i of 

Iiil//a«d h) liultaooi iiiUicw Haiiisay ; liumoiis of tho Gralugienl 
Suriei and Museum of Praeticai Geology, voi. i. p. 297. 

(m)-p ^5^ lomie^ (huhe cxiilencoof Phmphoeie Acid in Hacks 

1 111! IrBiis. lUi. i>. fi3, KoBbitt, ilHirhrhj 

I at Sowefy 

I'll Ihe VegelaiioH of ike Carbon if emia jieriod an 

' I the present daij ; On lome jiecyliurlties ia the 

'.1,1 'in :J '-ijiiiiia Remarke on the KIriutiire and Al/taitiea of mm 

UpidoitnAi b) Dr Hooker, Memoirs of tbo Gcologieal Siin-ey, 

i,c.\ol II pp 337,431.410 

{*«) p. aao. — 8te 0«en, Qnattorly Journal of tlic Ocological 
Sooioty, No. 6, p. 99. Dr. Buokland, Geological 'I'laiiMiclions, vol. 
iii. p. 220. The mmdor* of Gtahgg ! by Br. Mantcll, vol. U. p. 403. 

(«»)p. 25!!.- Ih-poH OH Bndsk Fofiit Me»,m,,lla: by Richard 
"'^. "^ '• 'I . 1 .1^^. ; British Associfttiou JlejiorE", voIb. xi. xii. 

^''-!c3 an the Igiiaiiodfia, a midi/ itiscocefcil /'mil 
J ■vhi-jHs of Tilgata Fuwsf, lit Kasm: by QiiloOii, 

Mjiiiill, i'.,:[., I'.i;.^., &E. ; PhilosophiciilTraitsifcEifiiis, vol. CSV, p. 
l.a. Om Urn atraeHtve of Tcclh, &c .- by i*rofi>tsor Owen. 

(«) p. 280. ~ Dr. JIaiUcJl, ifodrffci of Geologg. Ototogg «f Ihi 
!^Oii'.h ■<SM( of Ungland, 
33' 
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(^ p. 2el. — Geahglail lieseatvAeS ; fioloyifu! Mivm-rl; by Sir 
Honry I'hoBias BolaBoebc, C.B.,Sa. 

(3M)}>. 2GI. — Ibid, 

(■■«'>) p. 202. — BxperimeitiiU Bs»eanhim on the PfoiliKtl'ia nf Si!ir»m 
from Paracyanogsn : by SrihueI Browit, SI.U. i TrntisnotiORS oi flic 
Koynl Society o£ Kdinba^b, vol. xv. p. 320. Ktpmiiimlx an Ihe 
aUsg^d eonveriioa of CaebBit into Sificom by 1!. II. JJrett, I'h. J)., and 
J. .i.>enhnTii Sinitb, Ksii- i I'liilosopUicsl MuBn^'i'i, vol. six. p. 29S, 
Now Sciics. Sco also Dr. Brown's reply to tlio ubovu, ibid., p. ;i88. 

(**') p. 3fi'2. — fJcofcffy; la/roihiclor;/, Descriplive, and I'raclical : by 
I'l-of. An-^lp.! vol ii p 22 

(^') p Ji.i — //IP llOTirf«j 0/ C.coloi!/ hj J)i Mniiloll, »(il 1 p. 
102. Jlml/'^cofii 7icati!0 bj Dr ButUnml l>c J J Kunp, mid 
])r. A. \ Khpitcm, On (he Jiiomlhriitm . Dnimfctadt, 1338 Cuvier 
niid J>e Blnurt lUo hn\ c nlio ciroftiUy desoiiboil tho foisil romumB of 
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(■■ss) p 26G — Sci. ProfL'i'ior Itnms'n's mm 
quoted Nutc 220 

(»*') p 2(i() — "Tho distance? fo iiliich riiot 
cSinraPdwith dotntiif, uohUUIow mtr m\ \i il 
H variety oE obvious Gircamstanct" i i i 
Qurcd «ntcr, supposed ta be tltnt ni i 
miles distant m tiio ocean ftoin ttn < 
Mos about 128 feet deep Its apm i 
llio specific gravity of tho sea wnki 
tho Brcatostdiitancclromlaiidftt^li i 
cd on tho Hurlaco ot tUo ocean 1 1 n 
HUSpendoil detritus, Honed over sei i 
tcviiiB, iixlifht bo called straight, (h ' 
ivhieh tlioj c-iriiPd out notild alw b n 
they bo lumed ft"ide by on oeean cm 
olwervod by Captasii Sabine, tho ih 
cover nil area correspoiidiiig m a ri 
tiiD ih-ii has been compoHod to m 
impulse, nhen discharged feoni U 
lake. Supposing the leloEitjHith «hii,!i Ihtsi 
has heen correctly eatiinated at about three li i1 
alittlcfuiioas to coahidor that flio agitatui 
pnctieles should !« Bufflciout to keep iiiiel) tot i 
mccbouically suspended, so that it would no* 1 
part wilh it, escept at its junctioj! with the f. 
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Hows, niiiJ whore, from friction, it is BHiRoently retstdcfl. So tliat a 
river, if it can pieecrvo a given mnouiit of velocity fiowiiii; ovpr 
the sea, may dejioslt iio very largo amount of incehaiiicnl!y siis- 
jiendod dolrilHB iu ita courso from tlie embouchure, wltero it is 
iiltiinatcly stopped. Stiil, however, though tho dcpoEtt may not 
ins ao nlmnilant ea at Srst sight would Rjippnr prolmbtc, tho cunstntiC 
aocttinulalion of matter, however iiicoiiRiderablo at »ny Btvun timi;, 
miMt |>ro(!iicu an appreciable clTcct during tho lapso of ages." — iiir 
ll«nry Uo hi Heche's Geological Itcscarohcs, p. 72. 

(^•') i>. 2G7. — Sir J. I'. W. Kcrschel ; I'ttliminar;/ 'iVcnIf™. 

P") i>. 270.~FaunaAn(igua Sivalcnsis. Iking Ihe Foau't Zootosy 
of tha fi«Knlik mils in Ihe North of IiuIm: by Hugh Felcoiiiir anil 
I'roby T. Caiitley. 1841. 

(:"■') p. 273. — Poiey liyaslic Slielloy. 

I.*'') p. i,16.-~}:xiii,imeiita on II19 prwhidion 0/ dephtnoislkalcH air 
Jroin tratir loil/i viiiiaiia auMiincei ; by I.ieiit.-Oeiioral Sir lliinjniiiili, 
Count of IliiiviCord i Phil. Trana., vol. Ixicvii. p. 8*, 

(**•) p. 27S. — Er.perimenls hjkiii VegelabUi, discovering their great 
potmr of purifying tie commea air i« /Aa Sunshine, and of Injuring it iu 
tho Shadoand at Night; to which is joined, A nino method of examining 
Ihe aeeiirate rfejrfeej of Salahrilg of the Atmoaiihere, by John Ingonhoiisz, 
Councillor of tho Court, aad l!o<ly I'liysloian to their Iiiiticrinl anil 
Koyol Majesties, F.R.S., &e. London : i)rintcd for V. Minsley, in 
tho Suaiid, and IL Payne, PaU Mall, 1779. 

P«) p. 27fi. — rae Kiiigdosa of Nature, theie Ufa mid afflmlg: liy 
Dr. (!. a. Catxia ; Seicnliflc Jlomoirs, vol. i. p. 323. 

("*) p. 375. — In Biologie, by G. It 'JVcvivnnus, vol. ii. p. 302, tho 
following passage 0BCii« : " If wo oxpoao sprinjj; waloc to tho sun 
in open or oven cloned tcanaijarent vewcls, after a few doja bubbles 
rise from tho bottom, or from tho sides of tho vessel, and n Rroon 
crust i» formed at tho same time. Upon observing this crust 
tliTOUgh a inicioaeopo, wo discover a moss of groon particlea, gono- 
rally of a round or oval fonn, very minnto, and overlaid with a 
trauaparent inucoiis eovortng, some oEtUoin iiioviiij; freely, wiiilst 
others, por&Etly similar to these, lomain motionless and atEaclied lo 
tlio sides of tho vessol. This motion is aontetintcs greater ttsan at 
others. U'hoaaiioalcnles frci^uoiitly Iio fts if torpiii, but soon rwiiver 
Uicir fonner aetivity." 

(5«) p. 270. — On Ihc fSruHura of llis Viaieia&ls Cell : by :Mohl. • - 
Seicntitic Moinoiis, vol, iv. p. 113. (MUnes of Slmctural and J'hg- 
simi Bgta«</; byllcnfrey. 
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(S*8j p. 276. — Dr. Cams, in the memoir already quoted, says ; 
" But since, in the organization, of tlie earth, l^ht and air, as 
constituting a second integrant pnit, stand opposed to gravitation, 
and ainco the plant 'bears a relation, not only to gravitation, but to 
light also, when its formation is complete it will necessarily present 
a second anatomicid system, namely, that of (he spiral vessels, iwliich 
have been very justly considered, of late, as the organs that pec- 
form in plants the functions of nerves," 

(^) p. 277. — Mr. Crosse's Experiments in the Journal of the Lon- 
don Electrical Society, and Mr. Weeke's in the Electrical Magaaine, 
and a communication appended to Ejy/lanalioiis ; a Sequel to the Ves- 
Ugea of the Noimral History of Creation. 

(^ p. 282. — Die Metamcrp/mae der Ffimzem Goethe, sect. 73- 

(^) p. 283. — Lindley's Elements of Botany. 

(^^) p. 283. — See the very curious experiments of C. Matteuoci. 
Traduit et extx^t du " Cimenio." — Archives des Sciences Physiques 
et Naturelles i QaelqiKS Experiences sur la Respiration des FUtntes. 
Nov. 1846. 

(^ p. 285. — Consult Rtiral Economy, by J. B. Bouasingault ; Tlis 
Chemical and Fhysiohgical Balance of Organic Nature, by Dumas and 
Bousainganlt ; and Agriaidturid Chemistry, by Liebig. 

(^) p. 293. — Reports of the Fauna of the Mgean : by Professor 
Porbes. — Reports of the British Association. On the Physical Con- 
dili/ms affecting the distrilniiion of Life in the Sea and the Atmosph^s, 
§e. ,- by Dr. Williams. Swansea. 

(2»e) p. 295. — The Vestiges of the Nattirai History of Creation. 

(KJj p 21)5 — General Outline of the Animal Kingdom : by Professor 
Thomas Kvmer Jones, P.Z.S. 

(^-'l p 301 — In addition to the memoirs akeady referred to. Note 
24<) see Caihsle, On the bailery of the Torpedo, governed by a voluntary 
muscU — Phil Trana.,voL xcv. p. 11. TodA, Experimenis onthe Tor- 
pedo of the Cape of Goad Hope. — Ibid., voL cvi. p. 120. Todd, 
Eipe intents on l/ie Torpedo Electricut at La Sochelle, — Ibid., voL Cvii. 
p 32 

(") p 301 — Por a concise aooount of these experiments see 
Elemimts of Natmal Philosophy : by Golding Bird, A.M., M.D., Sc, 
3rd Edition chap xs. p. 336. In this work aH the most recent 
reseir hes are given, and the authorities referred to ; seo also Mat- 
teuoci s inteiestmg papers, already quoted. 
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(sei) p. SOI. — 0» the tatei arxfutUng to tphich tie mixing nf/lui(h, and 
iAfir jieiieli'atiiM into pefiafohk substances, occurs, teilh special m/cfnice /'• 
tie processes in (he llaaimi and Animal Ori/aimm, by Julius Vogel, of 
Gic^soii ; traii:<lnte<l for tha Cavciidiah Bocioty. Ucbig, On l/ie Motiaii 
of Ihe Jsicea jh the Animal iedi/. 

(S") p. 308. — ^ general Oiilliiie of ike ^liPfflo! Kiiiydoim liy 
Tiioinas Hymor Jones, p, 5*, ot scq. 

(*") ]). 31 1. — " As to the poliahinis and fivooving of liatd rocks, it 
liAH Intoly bouii lucoi-tnincd that glaciers give rise to tlicsccfTcRtsivliRn 
im»hinB fonvai'd sand, pebbles, mid rocky EraBmenls, and cniising 
tlicm to srato along tho bottom Nor can thoro be nm doiibt tliat 
Ivoliorys, vlioii thoj ran ngroMnd on the floor of tho occ iti, imiirint 
similur innrki «i)on It — Pun / / < / // i 1/ main'i cAaiiya 
of t/it Earth and lit hihabitai ( of i.coUgy : by 

Charles T.yoll, M A , I H S / of \ivon, ami 

other iiartt of the Pennine CI Ihp I'lieitouuna 

of Glaciers: by James D loil I 1 

i^) ]). SH — lluimay bo rcadilj proiod by (ho foHiwiiig Bimi>lo 
butlnstTUOtirooxpcrimcnt liket«opnirhol ii itdi glnists intooiio 
}i«irpul asolutioii of mtratoof Bihcr, into tho Other, nweak solution 
of iodide of potassium , connect tho hilvec solution of eacU jiair with 
a potash one by b film of cotton, and carry e. pintuia wire from one 
glass into tho other. I'laeo ono aeries in snnahine, and the other ia 
A dark place. After a few hoHrs, it will bo found that the iittUv gal- 
vnnic arrangeraent in tho dark will exhibit, around tho platina wive, 
a very pretty crystallization of motallio silver, bnt no Hiicli change 13 
obeervablo in the other cxposGd to light. If a yellow glass ia iiitor- 
jioscd between tho glass and tho sunshine, the action jiroeei.'ds as 
when in tlio dark, ThU cxpcrlniant is naturally eiiggestivo of many 
other?, and it involves eoiuo most imjKuEant contidcrations. 

(^') p. 3H. — In cases of violent death, it is often found tho gastric 
juice has, in a few hours, dissolved portions of llio stomach. — Dr. 
Jlndd's I*DtuvB before tho College of Physicians, 

(^) p. 311, — Faraday's litperimenlul Ileseneekei, vol. i, ; from 
which a tiuolation has alvetidy been made, showing tlio enormous 
quantity of claetrieity which is latent in matter. 

(^) p. 3H. — 0« the MefirtH ofdiises: by Professor Qraimm, 
F.U.S. — i'hil. Trans., vol, cxsxvii. p. S73. 
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of Ameticfl, Great Uriiai!^ Ffaiice, iftJ Glk win i hI Iwiu It m i 1 f 

llK prc^iit vulumc, !liC nppn^DJiDiKiEv.i.'ll ft^thacoitnscl nnil [K i it i i 

(rikulions itf iiiatiy of the atdect BctGiilific men lu niiK t \ I 
avo I'uoKKfsoiis AoASsii, llousfoei) Oltfl \\ tHlS 1 

doa iml iiroviously publlalicd olsowlwrn. 1 liOJ liM 

linvo Dccavion for xlill rui'ilicv rcsi>aictir>n, lliuy tmvu riinilKbod a«uiilaii!i ItiJoK 
lu Ilio iMiuiiliCic uriicjcs in ilis Aiiicr!i:»ii mid Kiimiivaii JuumntB, Hitil, maw- 
ovcr, llinj' liave j>riJi>mi;il n ti*t of oil hoiika iiortiiiiiiiiK li> Spieiicfl wliipti Imvo 

A cliusiliud I.ifit ori'utciitSiiiiiil brief obiliini'U'suriiK'iiilUtliiKi'iHliixt in KcioiiCD 
or Atl, wlio l>iivo rco'iilty ilieJ, render llic work AIlll iiioro coiiiplulo. Tlioy 
I a n n UK h gi i so ka o o aU dox lio !wlo s lUlt 



I Q lap -Q o ba e bo jilan n id lie dMaiis 

!«• y^ foKaHe /Is bopaU sked aan attgoalhe fi I of Hath, 
I sbI hHk r iKed/xiraa t^usre pf aJeirf TED j»5' / «- 

grai-wl Mcuesi of sowe riM(ing«if!e<i mbh of meact Pekd 51.00, ^/«r, or 
in tsfat^iniial delh Hading, 61-55. 

Ob Ms rftdpl ef 81.00 f/io jJiiKtSew teSt foTisurd a tupg ia liapfir rajviin^ 
6j)isHi7,ii(Hlpai.1. 

UOlfJ-.i), KI■:^iDA1,L & LINCOLH, P«8fW<w«, 
69 WssfiijicroM StiiE^'iP, Bomds. 
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MdJl < t ul,nuJ Willi ll^li, UlLllWlWlltMluiHlia l<>ll <(Utl.) AfllllH 

.Icsifiiiiil In (ni.'ci e want o\toiiBlval> fell, I Ii»ij» iw tni-pium will ho aiitli, 
llHitUiui.di[ursinnjlwciicmnsc<ll<iraij|iiiiia U nniiiialh 

lromlUV< r-rCh'-'iit Vnlh'Uu.mrrScw 'J. s./ ! 

Mn.(.nu Difoicn n»l l.V (.riM I'.Tti^iiifi I. UiriM. i,-l,m .j to llic- 
liilcllf) wilh wliidi llio«ii!i Ins been |niiih(] As n I wiii>oiiHiim<if now 
nndiib.fullrnrli' H will U nii i«iim loiiiirtuiimlry, and c^notlml W W up 
IihlI noil nil [ libci iltj imttoi /t I 1j> n ■liKCLruiiit; piiUic 

From th^ I'r"/. nf Compiralke Asatami), t[ai%Bi<l U«iieeiily. 
I have cf;»iiiiiioil ilw, hoSIh^-jctI [iflrtioii<tfllHi"Anmin! nf *^jcn(ifn! niscov- 
<Ty," whkli TOi.inH.fl ii feitiifii! BCcoma of Ibo pro.tirtss fct'fiiiity inada in lliiN 
flf^parUiienl of iiati.tni H-icneu, Ii i'l n wnrk of ^i.-M vul.ic in all ic* .li'imrl- 
«-9con ^oiiocn I un !«. inli j, 

lloiia J n 



■'ucl a kEB )BB jvopoeo op blah ud ku in Aai 
I> CO crj ad stdcrtetin Ii » II be ui int a h1 al nl It 

at d I slwll bn f.Ja<i o ece i n akc !<■ apppflrs ire 



ANNTIAL OF SCIENTIFIC DISCOVEM. 



NOTICES OF THE PRESS. 

iTUve BBcniied Ibe tiltenlion of th9 iiiilnslrioua eiiilois. Wa du rol IieaUite lo pronuunea 
tlie wort aLlglilyvKliiubleoDBlmhe man Bf &alBaas:'—lloslmi Jmnuil. 

" This l8 a KgIA/ valunbla wark. We bive he™ brui^ht li^ether in a rolume of moda- 
riitu Btai, all (ba lonrtii* diaooverlaa and tmEiiliona which bava diatmgiijsiied the paot 
yenr. Lika ttie hand od Iha dlal-plDlSi ' il tnsrks the ptogiew of the ogs,' The plan be 
._[„!,„..«,_ it^^^:^,^^^^..^^^^» — CAHetMn 1"-^"^ 

Biid yalna."— T^-ooaKw. 
" Wa have In onr possession iho ledaor of progresa fbr 1843, exhibiting lo ns in a ooit- 
duiiscd ftrnn, the aperationa af tha WDrlH in Bomo of tlie hlBlieat bnaiKss IrfinaaeUona. To 
Bay Ihm its execution liaa been northj of its ^m is pialse auiBcieiit."— Sii™wSeiil Be- 

"Toibo arliat,lha Brttsiui, Ihemmof ieHerSjftisindlspanaablB, and thSKenerai reader 

" We TOinmand it as a aliindard book of i^fBronca and general inrormation, fay tboae 
" A body of useful luiowledgs, indispensable lo ever; man who desires io keep up nlth 
" Must be a mMt aeceplable volnme lo avei; one, and groailji fecililate the diffiision of 
"A muBl valuable and Inlerestiog popular work of science and art."— B'asAiJi^lou Mi' 

licin cunlolnad within lie p^es Is very lorge."— Eur mug- Baicae. 

" Such a key la tha ptogrese and fueO of staenliSo discovery will be evatjwlieta wel- 
comed."— Ji'mo York OmniiTCiai Meertiser. 

" A mast volnnblft complete, and comprehensive aumraary of the extsllng ftele of ad- 
ence 1 II Is replelo wilb inlKresl, uid o^ht lo have a ploee in eveiy well appointed li- 

Uiey have luveuied somethtne:, and are desiraua to knav! whether any one else has been 
beBira hand wilb them."— Puritan Recorder. 

"This is one of the must valuable works which tha press has brought torih dming Ihe 
ptesent year. A greater amount of nBefut and valuabla iufuRnallon aanaol be obtaJoail 
immanybooliol thesamealzawllblnourknuwIeLlge."— ffttsAiK^Ma Uxioa. 

"This inipurtsnl ToUimo will prove one of the most aeceplable lo om- community thai 
has appearad Cut a long llme.^^ — ProvideAce JoarfWi. 

^^'ilila la a neat volume and a usefiil one. 3ach a book has loi^ been wanted in Amer- 
ica, lishould receive aHldo-apread patfoaaga."— Saeiiiific -anurK™, JVsw York. 

"It meeta a want long f^t, both among man af tu^nca and the people. I?o one who 
feels any inlere^ in the iatelJeetoal progress af the i^e^ no Tnechanic or artiaan, wlLO as 
put^ [o excel in his vochUoOi con amird to be witbovt it, Avery copious and accurate 
indeu givaa one all needed aid in hla inquiries."— i'ftii. da-klirm CImKkle. 

" One of Ihe most iiaerul books of Iha day. Every page of it contains aome uaefol in- 
rotmalian,andUiBrewillbanowBfllBofUmB in Ita BludJ."~JCiw/Di* D™m™i. 

" It is precisely sueli a work aa will be hailed wilb plaasore by the multitude of intalH 
pent read»a wba deelra lo have, at tha eloea of each year, a properly digested record of 
itaprogrewiniuerui knnwiedge. Thanrqlect of the editoreis an excellent one, and de- 
serves and will oommaud socceaB.'' — JV^CA Jii^Bnwni PfiUad^pkia. 

" Truly a most valuaWa voluina,"— C»iir/Mt«» (S. C.) Cmirier. 



us Ihu remarkably Ihorough, palimit and judlcioue m 

..,, J its skilful edit ■"■- -■ ~ — >• 

of solid and useful iearnhig." — AVw 

GOULD, KENDALL & LESOOLN, PUBLIBHBES, BOSTON. 



U they are handled by its skilful editors, enttae it lo a worm reoepUan by all Uio 
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TIIK HAllTir AND MAX: 
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TEBTIMOKIALS 



IMChlng BD imtstiMli oly ihg duilm of iho ai 
ita Infotlor lii Ihs «caloof efeiKoii— 
n, di>]>ni»a, anil enslave Tliui has his i 
divino losson uf clunty anil eo»J *fill m '"on- 
i om Pro/ Bt ja« Pr rce 
iving hca li or re 1 1 | f11 n ti 

eal Onojiraph)' I tun 



"MaiiT will tell. 
cJiicaUon in « t c 

(boeouiiiry which anowreaiiyi 

"I weelyefl TOnso Una s% a 

avail myself or atf aaHlsai Iclg 
which h»a mrt lj«n inado acms 

iswhcfofOt apfiy H«!1b« 

*hith Ibo 8! al} of jui ™ Is calcaial J - I 

philojiiphlMl I nslpies flteaptlebem! «d 

hiirreii, iHiel l i [jaGgoclalcil ficta can nav 
lirin^ihsln ; nation iQilihodeaitelaseaE 
"Miichof Iha ehapson relallBg lo tke d 
luiiv Eic l\a Slat Una kU ^efora !bs Amclk 
i)Ubl!caliunor«owotXwlll atkas euinl! 
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UlSTOKY UF 

AMI'JJICAX BAKllST MISSIONS, 

IN ASIA, AI'iacA, KUaOl'H, AND KOKriI AMKltlOA, 

IIV 1\'1LUAM OAMMBI-I., M. A. 

if'itA &rci» .Vnjis. IBrao. /Viee f^eJi^y-/ire Cui<?3. 

Bixni iiiou~\M) 
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[liRiiilhelley I Ws<le, onhe BucDuin MhstoB I 
jl 10 liifpaWics* btiBg nei¥tfBth(Bliti>i\ i\ n i 

whlvli irrM i^iba Unions ttlUi whkb I -xii 
ed 10 hnil iH^liliig Sfl irhtih ike reader si. i1t i 

83^ A Hkeral dlKOum inadB by l!isdi«en lit It'indretl mHcti HiDm. 

OOCI.1), KBHDAE.b, & I4KC0LN, C9 WAeillKSIOK SXREET, 
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RErUHLIOAN CHiaSTIANITY: 

OH TRUE LIBKIiTTi 
.is / if i'/lid ill the Ji/e, Pi eeepii, and ta, Ig iUimi/'Iu ofek^ Gnat llttheiiim- 
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" Mr Mflgooii Is kn^Mii m oiie 
nmoiig iho Unjuht Clergy H 
Willi a vanoly and frosKne e i 
HlMntioii" — A'tw }i>il.J'»' 

"lie UHielJora ChrlstlnmU ii 
hiu innliitHliicd hit iimhian \ i 
uliicli nn> Dltcn oxc<i:dlnKl\ I 
UI his Btvie iiiipeai in tlits ii 
tho btsl (Imt m ha» protliic I 
Iloix of Ills viow* n. 



unit) —J iwuJiiNi* Jouraoi 



La ailKi'itluu. boll) 
ii it Is Imudlcd" 



PllOVERBS I'OK THE r3?0PLE: 

Or, lUnsttathns of Practical GodHiim dmwii from Ike Book of Wisdom. 
BY E. L. MAGOOS. 

Uao. t^u BO unl>. 



tiao yorh IteforOtr, 

" U is a iiopular numnBl of groat jH^otioiil uOlity." — Oi. Oirm^ch Phih. 

" Tiie »i)bJ3jit$ STOaotskoled es to emliEnce nearly all ^itmcllnat diilii^ 
of life. Tho work, ia ooBscquessoeofllibpeoulisrcliarafitar, will tfo found 
cxtcaVi^ly tisefol." — Bochater DtBtecral. 

" TUfl ivork aboauda ■•silh o^mi an4 rithy mallor, well Mfapfed to tm. 
gnge ilie attentioB mid to wform fto life. «o ISpo tbeao diiconreca will bo 
esfen^ifoly rrad." —Morsiog StBr, Iteeer. 

"Tvis nn fxcellanl liooli for TOung iieopio, fuidci^dftlly foryoniig wcn, 
amUlstilio Icmjitiiliojis of basiiicsamiilpioaEUEe."—- ^(fiaiH-^-^J"'**'' 
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